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CHAPTERl.GENERALINTRODUCTION 
Since European settlement, the midwestem United States has undergone large-scale 
changes in land cover. Native prairies and wetlands have been converted for agricultural 
purposes, resulting in drastic changes in populations of native plants and animals (Dinsmore 
1994, Smith 1998). The areas most suitable for agricultural production were quickly 
converted, while those initially too wet or dry for farming were converted later with the 
advancement of new technologies. This conversion of the landscape has been widespread, 
resulting in a loss of greater than 99% of native prairie and over 95% of wetland habitats in 
Iowa (Bishop 1981, Smith 1998). 
As interfaces between terrestrial and aquatic systems, riparian areas represent 
important components of the landscape for many wildlife species and, like all other natural 
communities in the Midwest, riparian areas have been subjected to widespread alterations. 
Conversion of riparian areas for agriculture has been more severe in the Midwest than in any 
other region of the United States (Brinson et al. 1981, National Research Council 2002). 
Historically, the plant communities of these areas were shaped by the timing, duration, and 
extent of flooding, as well as the frequency and severity of fires (Gregory et al. 1991, Nelson 
et al. 1998). With settlement and the spread of agriculture, however, the natural dynamic 
hydrological regime has been stabilized and fires have been suppressed. As a result, the 
native plant and animal communities have been drastically changed. 
Although originally created to decrease commodity production, reduce soil erosion, 
and improve water quality, the implementation of several farm-bill programs, such as the 
Conservation Reserve Program (CRP) and Wetlands Reserve Program (WRP), has led to the 
restoration of millions of hectares of grasslands and wetlands across the United States. The 
Wetlands Reserve Program is a voluntary wetland restoration program in which landowners 
can enter into permanent or 30-year easements or cost-share agreements. For easements, the 
government pays up to the agricultural value of the land and for 100 or 75% ofrestoration 
costs (for permanent and 30-year easements, respectively). Additionally, increased flooding 
in the past decade has created many opportunities for restoration of riparian areas through 
flood mitigation. The implementation of the Emergency Wetlands Reserve Program (EWRP) 
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after flooding in 1993 gave landowners the option of restoring their riparian agricultural lands 
to a natural state rather than continuing crop production. Through EWRP, landowners are 
offered a one-time payment equal to the value of their crop production, and their land is 
enrolled into a permanent easement. Collectively, WRP and EWRP have tremendously 
increased the opportunity for riparian restoration throughout the Midwest. In Iowa alone, 
>40,000 ha of former agricultural land have been enrolled in WRP or EWRP, over 60% of 
which occur in floodplains. 
Although the contributions of restored grasslands and prairie pothole wetlands to 
wildlife are well documented (e.g., Johnson and Schwartz 1993, Best et al. 1997, Delphey 
and Dinsmore 1994, Dault 2001), contributions of restored riparian lands remain 
uninvestigated. Understanding how habitat characteristics and management practices affect 
the conservation of wildlife in these habitats is essential for planning future restoration 
efforts. Working on restored areas in the Iowa River Corridor of east-central Iowa, I assessed 
the effects of burning and disking on vegetation structure and composition, the abundance 
and biomass of arthropods, and bird use and reproductive success. For a better understanding 
of what features are important in determining bird use of these habitats, I also investigated 
the relationships between habitat features (vegetation structure and composition, and 
arthropod abundance) and bird use. Lastly, I quantified the extent of alteration of the Iowa 
River Corridor since settlement, the effects of restoration on the landscape, and the 
contribution of restored areas to bird populations. This research should contribute to a better 
. understanding of how these management practices affect birds and their habitats, what 
features are important in determining bird use, and how restoration of these riparian areas 
contributes to bird conservation. 
Thesis organization 
This thesis consists of three papers to be submitted to scientific journals. The first 
paper examines the effects of burning and disking on the structure and composition of 
vegetation, and the abundance and biomass of arthropods. The second paper examines bird 
density, species richness, conservation value, and nest success as a function of vegetation 
structure and composition, arthropod abundance, burning, disking, and configuration of 
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disked areas. The third paper quantifies changes in land cover from presettlement to 1992 
(prerestoration), and from 1992 to 2000 (postrestoration), and the contributions of restoration 
to bird populations. The last chapter contains general conclusions from this research. 
Thomas J. Benson designed the study, collected and analyzed the data, and prepared this text. 
Drs. James J. Dinsmore and William L. Hohman obtained funding, assisted with the study 
design, and provided advice and editorial comments. 
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CHAPTER 2. PLANT AND ARTHROPOD RESPONSES TO BURNING AND 
DISKING OF FLOODPLAIN CONSERVATION EASEMENTS IN EAST-CENTRAL 
IOWA 
A paper to be submitted to the Wildlife Society Bulletin 
Thomas J. Benson 
Abstract: Alteration of midwestern landscapes for agricultural production has been 
widespread, resulting in a loss of >99% of the original prairie and >95% of wetlands in Iowa. 
Included in this large-scale conversion of the landscape has been a loss of riparian areas, 
which, as interfaces between terrestrial and aquatic ecosystems, are important to many 
wildlife species. Recently, farm bill programs have resulted in the restoration of millions of 
hectares of grasslands and wetlands, including > 100,000 ha in riparian areas of the Midwest. 
I assessed plant and arthropod responses to burning and disking of riparian grasslands in east-
central Iowa. In 2001 and 2002, I collected data on the structure and composition of 
vegetation and abundance and biomass of arthropods in 10 burned and 10 unburned upland 
grasslands, and the disked and undisked portions of 7 upland and 15 lowland grasslands. 
Burning altered the plant community by removing litter and standing dead vegetation and had 
negative effects on several arthropod taxa, including Coleoptera, Hemiptera, and Lepidoptera. 
No differences in vegetation or arthropods, however, were observed between burned and 
unburned fields during the second year post-burning (P > 0.05). Disking decreased the 
coverage of grasses, litter, and standing dead vegetation and increased plant species richness 
and the coverage of forbs and bare ground (P < 0.05). Arthropod abundance and dry biomass 
were greater on disked than undisked portions of fields (P < 0.05). Both burning and disking 
appear to be effective management options for maintaining or enhancing riparian grasslands 
for wildlife. 
Key words: arthropods, burning, disking, Emergency Wetlands Reserve Program, grassland, 
riparian habitats, vegetation management, Wetlands Reserve Program. 
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INTRODUCTION 
As interfaces between terrestrial and aquatic ecosystems, riparian habitats are 
important components of the landscape for many wildlife species. Like all other ecosytems 
in the Midwest, riparian areas have been greatly altered (National Research Council 2002). 
Because of extensive timber harvest, clearing for agriculture, and stream channelization, loss 
of natural floodplain vegetation has been more widespread in the Midwest than any other 
region of the United States (Brinson et al. 1981 ). Degradation and loss of riparian areas has 
contributed to increased flooding, decreased abundance and diversity of fish and wildlife 
populations, and lowered water quality through increased nutrient and sediment loads. In 
addition to local and regional impacts on water quality and wildlife, increased nutrient loads 
from these alterations have been implicated in Gulf of Mexico hypoxia (Mitsch et al. 2001). 
The implementation of Farm Bill programs, such as the Conservation Reserve 
Program (CRP) and Wetlands Reserve Program (WRP), has led to attempts to return natural 
functions to the landscape by restoring millions of hectares of grasslands and wetlands. 
Authorized in 1990, WRP is a voluntary wetland restoration program in which land is entered 
into permanent or 30-year easements. For these easements, the government pays up to the 
agricultural value of the land and up to 100% of restoration costs. Intended benefits of this 
program include flood storage, improving water quality, and providing habitat for wildlife, 
particularly for migratory birds. Recently, severe flooding has created many opportunities for 
the restoration of riparian habitats. The implementation of the Emergency Wetlands Reserve 
program (EWRP) after the flood in 1993 was intended to provide landowners the option of 
restoring their riparian farmland to its natural state rather than continuing to produce crops, 
and thereby providing water quality, soil erosion, flood storage, and wildlife benefits. 
Through EWRP, landowners are offered a one-time payment equal to the value of their land 
for crop production, and their land is enrolled into a permanent easement. Collectively, WRP 
and EWRP have increased the opportunity for riparian restoration throughout the Midwest. 
Historically, the vegetative composition and structure of riparian habitats in the 
Midwest were shaped by the timing, duration, and extent of disturbances such as flooding 
and fire (Fredrickson and Reid 1986, Nelson et al. 1998). Although forested habitats were 
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common to these areas prior to European settlement, herbaceous plants were a common, if 
not dominant, component (Weaver 1968, Nelson et al. 1998). Riparian zones often included 
wooded corridors bordered by extensive areas of grassland, primarily dominated by prairie 
cordgrass (Spartina pectinata), and with numerous other herbaceous species including rice-
cutgrass (Leersia oryzoides), Virginia wild-rye (Elymus virginicus), sedges (Carex spp), 
smartweeds (Polygonum spp.), pigweeds (Amaranthus spp.), and flat sedges (Cyperus spp.; 
Weaver 1968, Fredrickson 1996, Nelson et al. 1998). This range of habitat types and 
moisture conditions resulted in a highly productive environment that was important habitat 
for a diversity of plant and animal species (National Research Council 2002). 
The importance of vegetation composition and structure and food availability to birds 
is well established (e.g., Rotenberry and Wiens 1980, Newton 1998). Restoration and 
management practices, as they affect the vegetative community and the availability of food 
resources, are important to breeding bird populations. Particularly, increases in plant 
productivity, species richness and diversity, and the number and diversity of plant functional 
groups (i.e., cool- and warm-season grasses, leguminous forbs, non-leguminous forbs) may 
lead to an increased abundance or diversity of potential arthropod food resources (Siemann et 
al. 1998, Knops et al. 1999, Haddad et al. 2001). 
The presence or absence of specific plant functional groups also may affect the 
composition and abundance of arthropods. Specifically, arthropod abundance has been 
shown to be negatively associated with the presence of warm-season grasses, possibly 
because of low nutritional value (Boutton et al. 1978, Symstad et al. 2000, Haddad et al. 
2001). Forbs, particularly legumes, are thought to increase the abundance and species 
richness of arthropods (Burger et al. 1993, Siemann et al. 1998, Symstad et al. 2000, Jamison 
et al. 2002). 
In an attempt to manage plant communities for desired wildlife species, managers 
have experimented with various management practices. Burning, by inhibiting the spread of 
woody vegetation and removing litter and standing dead vegetation, facilitates the growth and 
reproduction of warm-season grasses and other herbaceous vegetation (Kucera and 
Ehrenreich 1962, Bragg and Hulbert 1976, Hulbert 1988). The effects of burning on 
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arthropods, however, are variable, with some studies showing increases in abundance and 
biomass of arthropods and other studies showing decreases (Warren et al. 1987). 
Originally a tool for cultivation of agricultural fields, disking has been used 
increasingly for the management of wildlife habitats. By mechanically removing existing 
vegetation, decreasing coverage of grasses and litter, increasing the coverage of bare ground 
and allowing for increased coverage of forbs, this practice has been used to provide favorable 
habitat for game-bird production and for control of invasive species (Madison et al. 1995, 
Kilbride and Paveglio 1999). Disking has been shown to alter the composition and structure 
of vegetation and to increase the number and biomass of potential arthropod food resources 
(Manley et al. 1994, Madison et al. 1995). 
In support of natural resource managers seeking to restore function to riparian areas in 
the Midwest, I conducted this study to assess vegetative and arthropod responses to riparian 
restoration efforts. Specifically, I evaluated the effects of two management practices, burning 
and disking, on riparian plant and arthropod communities. I expected that burning would 
alter the vegetative community by decreasing the coverage of dead vegetation, litter, and 
woody plants and that arthropods would decrease in abundance and biomass. Disking, by 
decreasing the coverage of grass, litter, and dead vegetation and by increasing plant species 
richness and the amount of bare ground and forbs, was expected to lead to increased 
abundance and biomass of arthropods. 
STUDY AREA 
I conducted research in open habitats, primarily grasslands, in the Iowa River 
Corridor, located in Tama, Benton, and Iowa counties of east-central Iowa. My study sites 
were located within the >20,000 ha Iowa River Corridor Project (IRCP), a cooperative 
project between the Natural Resources Conservation Service (NRCS), United States Fish and 
Wildlife Service (USFWS) and Iowa Department of Natural Resources (IDNR). Currently, 
there are > 100 riparian WRP and EWRP easements totaling about 5,000 ha of former 
agricultural land enrolled in NRCS conservation programs. The drainage basin averages 32 
km in width, and the watershed drains about 1.25 million ha, about 1 million of which were 
cropland prior to restoration (United States Department of Agriculture 1976). 
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The plant species composition in IRCP easements varies depending on elevation, 
previous land use, and extent of restoration efforts. High elevation grassland areas (hereafter 
called uplands) within the IRCP were planted to native grass species, generally switchgrass 
(Panicum virgatum) or big bluestem (Andropogon gerardii). Currently, seed mixes for the 
hydric soils of low elevation grasslands (hereafter called lowlands) are not readily available; 
consequently, these areas are classified as natural revegetation and are generally dominated 
by reed canarygrass (Phalaris arundinacea), an invasive perennial species common in hydric 
soils (Hoffman and Keams 1997, Merigliano and Lesica 1998). I collected data on 20 upland 
and 30 lowland grasslands in 2001 and 2002. I define individual fields as either separate 
easements or separate management units within an easement; all fields were >8 ha, 
dominated by herbaceous vegetation, generally grasses, and were candidates for management. 
The average temperature in the study area for May, June, and July was 20° C in 2001 
and 2002 (Belle Plaine, Iowa; National Oceanic and Atmospheric Administration 2001, 
2002). May was warmer, and June and July cooler, in 2001 than 2002 (16, 20, and 24° C for 
May, June, and July 2001, respectively; 13, 22, and 25° C for May, June, and July 2002, 
respectively). Mean monthly precipitation was 11 cm for May through July 2001, and 10 cm 
for the same months of 2002. May and June 2001 were wetter, and July drier, in 2001 than 
2002 (13, 12, and 8 cm, respectively for May, June, and July 2001; 9, 11, and 10 cm for May, 
June, and July 2002. 
Treatments 
Uplands. Ten of20 upland fields were randomly assigned to a spring burning 
treatment. Burning took place between 19 April and 11 May 2001. Seven fields received a 
strip-disking treatment (6 of which had been burned in 2001). Although disking was 
scheduled to be completed soon after burning in spring, wet conditions delayed disking until 
between 27 June and 20 July 2001. Because burned and unburned fields were similar in 
vegetation structure, particularly density, at the time of disking, the field that was unburned 
and disked was included in analyses with those that had been burned and disked. Disking 
was single-pass to a depth of about 23 cm and was completed with a tandem disk. Strips 
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were disked about 20 m wide spanning the length of each treated field. About 1 ha of each 
field was treated (X = 1.12 ha, SE= 0.16, range: 0.67-1.68 ha). 
Lowlands. Fifteen lowland fields were randomly assigned to a disking treatment. 
Two fields were treated around July 15, but most disking was completed between 1 
September and 1 October 2001 . Before disking, existing vegetation was mowed to a height 
of about 1 O cm, baled and removed. Disking was single-pass to a depth of about 23 cm, and 
was completed with a tandem disk. About 2 ha of each field were disked ( X = 1. 71 ha, SE = 
0.12, range: 0.8-2.48 ha). 
METHODS 
Vegetation structure and composition 
Vegetation structure and composition were measured once yearly at 10 random points 
per field in 2001 and 2002 and in disked areas within treated fields in 2002. Data were 
collected between 4 and 27 June 2001 and again between 5 and 17 June 2002, corresponding 
to the peak of the breeding season for most birds in the study area. Vegetation density was 
measured from the four cardinal directions using a Robel pole at a distance of 4 m and height 
of 1 m (Robel et al. 1970). The heights of live and dead vegetation were measured as the 
maximum height of vegetation nearest to the Robel pole. Litter depth was taken at the 
nearest uncompressed point near the Robel pole. A 1-m2 quadrat, placed with its southeast 
comer touching the Robel pole, was used to measure percent coverage of grasses, forbs, 
sedges, woody plants, litter, standing dead vegetation, bare ground, and water(± 1 %), and 
plant species richness (Daubenmire 1959). Percentages were overlapping so sum was 
sometimes > 100%. 
Arthropod abundance and biomass 
Arthropods were collected along 6 randomly located transects in each field in 2001 
and 2002 and in each disked area within treated fields in 2002. Transects were 20 m in 
length, and were sampled with 20 1-m sweeps with a 38-cm diameter sweep net. Sweeps 
were completed between the ground and 1 m and were done with a back and forth motion. 
Personnel were trained before collection began in order to standardize sampling. Sampling 
was done after 1000 hr and was not done in high winds or under wet conditions. Arthropods 
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collected along the 6 transects were combined into one sample per field. Samples were 
collected twice between 27 June and 17 July 2001 and three times between 19 June and 30 
July 2002. Samples were immediately placed into 70% ethyl alcohol for preservation and 
storage. Arthropods were sorted by order, dried at 100° C for 24 hours, and weighed to the 
nearest 1 mg. In 2002, samples were identified to family for 4 orders (Coleoptera, Diptera, 
Hemiptera, and Orthoptera). Other orders were not identified to family due to rarity (e.g., 
Odonata, Ephemeroptera, Trichoptera), lack of importance to bird diets ( e.g., Neuroptera), 
dominance of one family ( e.g., Homoptera: Cicadellidae ), or difficulty of identification ( e.g., 
Lepidoptera). 
Data analyses 
Repeated measures Analysis of Variance (ANOVA) models were used to test for 
effects of burning, year, and the bum x year interaction on vegetation structure and 
composition, arthropod abundance, and arthropod dry biomass (Proc Mixed; Littell et al. 
1996). A split-plot ANOV A was used to test for effects of disking on vegetation structure 
and composition, the abundance and dry biomass of arthropod taxa, and the richness of 
arthropod taxa (Proc Mixed; Littell et al. 1996). Disking models incorporated the effects of 
disking, vegetation type (upland or lowland), and the disking x vegetation type interaction. 
Percentages were arcsine square root-transformed, and arthropod data were natural log-
transformed to meet the assumptions of ANOV A where necessary. Arthropod taxa that were 
absent from >80% of sites were not analyzed separately. The significance level was set at P 
~ 0.05 for all analyses. No adjustments were made for multiple comparisons, and results 
with 0.10 ~ P ~ 0.05 were considered marginally significant to protect against Type II error 
(Cousens and Marshall 1987, Moran 2003). 
RESULTS 
Burning 
Vegetation structure and composition. Vegetation density, the height of live 
vegetation, the coverage of forbs and sedges, total coverage of live plants, and plant species 
richness did not differ between burned and unburned fields in either 2001 or 2002 (Table 1). 
Dead vegetation height, litter depth, and coverage of woody plants, litter, and dead vegetation 
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were lower in burned than unburned fields in 2001 but not 2002. Grass and bare ground 
coverage were greater in 2001 on burned than unburned fields, but effects did not persist in 
2002. Although unaffected by burning, height of live vegetation and the depth and coverage 
of water were lower in 2002 than 2001 (Table 1). 
Arthropod abundance. The total abundance of arthropods did not differ between 
burned and unburned fields in 2001 or 2002 (Table 2). There were, however, differences 
between years; more arthropods were caught in 2001 than 2002. Richness of arthropod 
orders did not differ between burned and unburned fields in 2001, but was greater in burned 
than in unburned fields in 2002. 
The abundance of Coleoptera, Orthoptera, Diptera, Araneae, Hymenoptera, 
Neuroptera, and Odonata did not differ with burning treatment in either year (Table 2). There 
was a significant bum x year interaction for Homoptera, Hemiptera, and Trichoptera, with 
Hemiptera and Trichoptera less abundant, and Homoptera more abundant on burned relative 
to unburned fields in 2001. The contrasts for Hemiptera and Homoptera, however, were 
marginally significant (Fi,26.? = 3.91, P = 0.06, F1,32.4 = 3.21, P = 0.08, respectively). 
Lepidoptera had a marginally significant bum x year interaction, with abundance lower on 
burned relative to unburned fields in 2001 (F1,31.2 = 3.87, P = 0.06). There were no 
differences in 2002. 
With the exception of Hemiptera, all orders appeared to change in abundance between 
years. Orthoptera, Diptera, Araneae, Neuroptera, Trichoptera, and Odonata, were less 
abundant in 2002 than 2001. The difference for Odonata, however, was marginally 
significant. Coleoptera decreased between years, but only in unburned fields. Orders that 
increased between years included Hymenoptera, Homoptera, and Lepidoptera; the latter two 
increased only in unburned and burned fields, respectively. 
Arthropod Dry Biomass. There were no differences between bum treatments or years 
for total dry biomass of arthropods (Table 3). Dry biomass of Homoptera, Diptera, Araneae, 
Lepidoptera, Hymenoptera, Neuroptera, and Odonata did not differ between burned and 
unburned fields in 2001 or 2002. Coleopteran and Hemipteran biomass were lower in burned 
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than unburned fields in 2001; the difference for Coleoptera, however, was marginally 
significant (F1,31.1 = 2.95, P < 0.10). 
Orders that decreased in biomass between years included Diptera, Neuroptera, 
Trichoptera, and Odonata (Table 3). Biomass of Coleoptera and Orthoptera appeared to 
decrease between years, but only in unburned fields; the decrease for Coleoptera was 
marginally significant (F1,18 = 3.59, P = 0.07). The biomass of Homoptera increased between 
years in unburned, but not burned, fields. Hymenopteran biomass increased between years, 
but this difference was marginally significant. 
Disking 
Vegetation structure and composition. Disking decreased the coverage of grasses, 
woody plants, litter, and standing dead vegetation (Table 4). The height of dead vegetation 
and depth of litter were lower in disked areas in both uplands and lowlands, and vegetation 
density and the height of live vegetation were lower in disked than undisked portions of 
lowland fields. Coverage of forbs, sedges, and bare ground, and plant species richness were 
greater in disked than in undisked areas. The total coverage of live vegetation was greater in 
disked than undisked portions of upland but not lowland fields. Lowland fields had lower 
height and coverage of standing dead vegetation and greater coverage of grasses than upland 
fields. Upland fields had greater litter cover than lowland fields, and there was a marginally 
significant difference in forb coverage, with upland fields having greater coverage than 
lowland fields. 
Arthropod Abundance. Disking increased the total abundance of arthropods in both 
uplands and lowlands (Table 5). The number of arthropod orders did not differ between 
disked and undisked portions of fields, but the total number of taxa (i.e., orders and families 
combined) was greater in disked than undisked areas. 
Homopteran abundance did not differ between disked and undisked portions of either 
vegetation type (Table 5). There was evidence that Homopterans were more abundant in 
lowland than upland fields; this difference, however, was marginally significant. 
The total number of Coleoptera was greater for disked than undisked areas, but the 
richness of families did not differ between treatments (Table 5). Abundance of the families 
13 
Cantharidae and Lampyridae were unaffected by disking, but Lampyrids were more common 
in lowland than upland grasslands. Chrysomelids, Coccinelids, Curculionids, and 
Tenebrionids were more abundant in disked than undisked plots; differences for Coccinelids 
and Tenebrionids, however, were marginally significant. Coccinelids were more abundant in 
lowland than upland grasslands. 
Total number ofHemipterans was greater in disked than undisked areas, and richness 
of Hemipteran families did not differ between treatments (Table 5). Berytids and Rhopalids 
were equally abundant in disked and undisked areas of both vegetation types. Individuals of 
Miridae and Pentatomidae were more numerous in disked areas of both vegetation types, and 
Anthocorids appeared to be more abundant in disked than undisked areas of lowland but not 
upland grasslands. The family Reduviidae appeared to be negatively affected by disking, 
having fewer individuals in disked than undisked areas. Differences between vegetation 
types for Mirids and total Hemipterans were marginally significant. 
Total abundance and family richness of Orthopterans did not differ between disked 
and undisked areas of either vegetation type (Table 5). There was evidence that family 
richness was greater in upland than lowland grasslands, but this difference was only 
marginally significant. Gryllids were less common on disked than undisked areas of upland 
grasslands. Additionally, upland grasslands had greater abundances of Gryllids than 
lowlands. Acrids and Tettigoniids appeared to be unaffected by disking and did not differ in 
abundance between vegetation types. 
Differences in total abundance and family richness ofDipterans between disked and 
undisked areas were marginally significant (Table 5). Individually, the families 
Dolichopodidae and Tephritidae were more abundant in disked than undisked areas. The 
abundance ofMuscids and Syrphids did not differ between treatments, and no families 
differed in abundance between vegetation types. 
Spiders (Araneae) were more abundant in disked than undisked areas (Table 5). The 
disking x vegetation type interaction was marginally significant, indicating that spiders were 
more abundant in disked areas than undisked areas of lowland but not upland grasslands. 
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Lepidopterans were more abundant in disked than undisked portions of uplands but 
not lowlands (Table 5). Specifically, the abundance of adult Lepidopterans was lower in 
disked than undisked areas of both vegetation types, and the number of larvae was greater 
only in disked areas of upland grasslands. 
The remaining orders, Hymenoptera and Neuroptera, did not differ in abundance 
between disked and undisked areas (Table 5). Additionally, abundance of these taxa was 
similar in upland and lowland grass fields . 
Arthropod Dry Biomass. Total dry biomass of arthropods was greater on disked than 
undisked areas and was greater in lowland than upland grasslands (Table 6). Homopteran 
biomass did not differ between disked and undisked portions of fields, but was greater in 
lowlands than uplands. 
Biomass of Coleopterans (all families combined) and the families Curculionidae and 
Tenebrionidae was greater in disked than undisked areas (Table 6). Differences in 
Chrysomelid and Coccinelid biomass between disking treatments were marginally 
significant. Lampyrid biomass was greater in lowlands than uplands; this difference, 
however, was only marginally significant. 
Total Hemipteran biomass, and biomass of the families Miridae and Pentatomidae, 
was greater with disking (Table 6). There was a marginally significant difference in 
Anthocorid biomass between disking treatments, with greater biomass in disked than 
undisked areas. Reduviids, however, decreased in biomass with disking; the interaction 
between vegetation type and disking was marginally significant, indicating that the difference 
occurred only in upland grass fields. The families Berytidae and Rhopalidae did not differ in 
biomass between disking treatments. Most families did not differ in biomass between 
vegetation types, but weak evidence existed for greater Mirid biomass in upland relative to 
lowland fields. 
The biomass of Orthopteran families, combined and separately, did not differ between 
disking treatments (Table 6). The biomass of Gryllids was greater in upland grasslands than 
lowlands, but other families and total Orthopteran biomass did not differ. 
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Dry biomass of Diptera did not differ between disking treatments or vegetation types 
(Table 6). Dolichopodid and Tephritid biomass was greater on disked than undisked areas; 
the relationship for Tephritids, however, was marginally significant. There was weak 
evidence that biomass of the family Muscidae decreased with disking. Syrphid biomass was 
unaffected by disking and did not differ between vegetation types. No Dipteran taxa differed 
in biomass between vegetation types. 
There was a marginally significant interaction between disking and vegetation type on 
dry biomass of Lepidopterans (Table 6). Specifically, disking appeared to increase biomass 
in upland, but not lowland, fields. Adult biomass was lower, and larval biomass greater, on 
disked relative to undisked areas for both vegetation types. 
Most other orders did not differ in dry biomass between disked and undisked areas 
(Table 6). Biomass ofHymenoptera and Neuroptera was equal on disked and undisked areas. 
Spider biomass, however, was greater on disked than undisked areas, but only for lowlands. 
DISCUSSION 
Burning effects 
Vegetation. Although burning altered vegetation structure and composition, these 
changes primarily altered residual vegetation. Burning decreased the height and coverage of 
dead vegetation, the cover of woody vegetation, and the depth and coverage oflitter, but 
increased the coverage of bare ground and grasses (Table 1). These changes are consistent 
with those observed by others (Kucera and Ehrenreich 1962, Kucera and Koelling 1964, 
Bragg and Hulbert 1976, Hulbert 1988). Previous studies have observed decreases in forbs 
and cool-season grasses with burning ( e.g., Kucera and Koelling 1964, Anderson et al. 1970), 
but here forb coverage was unaffected by burning. No effort was taken to differentiate 
between cool- and warm-season grasses in this study. 
No differences in vegetation structure or composition existed between burned and 
unburned fields in 2002 (Table 1 ). Restored grasslands in this study area have been burned 
relatively frequently since establishment. This frequent burning may account for the lack of 
difference between burned and unburned fields in the second year post-bum. 
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Although unaffected by burning, height of live vegetation and water depth and 
coverage decreased between years (Table 1). Total coverage oflive vegetation also 
decreased between years, but this difference was only marginally significant. These 
differences can be attributed to differences in weather between years. There was less 
precipitation early in the growing season of 2002, and the amount of snow runoff was also 
lower (National Oceanic and Atmospheric Administration 2001, 2002). 
Arthropod abundance and biomass. Abundances of most arthropod taxa were 
unaffected by burning, but Hemipterans, Trichopterans, and Lepidopterans decreased and 
Homopterans increased with fire in 2001 (Table 2). These differences, however, did not 
persist in 2002. Coleoptera, Orthoptera, Diptera, Araneae, Hymenoptera, Neuroptera, and 
total arthropod abundance did not differ between bum treatments in either year. Richness of 
orders did not differ between treatments in 2001, but was lower in unburned than burned 
fields in 2002. As with abundance, burning had few effects on dry biomass of arthropods. 
Biomass of Coleoptera, Hemiptera, and Trichoptera, however, was less in burned than 
unburned fields in 2001 but not 2002. Dry biomass of other taxa, and all arthropods 
combined, did not differ between bum treatments in either year. 
The effects of burning on grassland arthropods in previous studies have been variable 
(reviewed in Warren et al. 1987). Although no differences in total abundance or biomass of 
arthropods were observed between bum treatments, other studies have found increases ( e.g., 
Charnrad and Dodd 1972, Nagel 1973), decreases (e.g., Rice 1932, Bulan and Barrett 1971, 
Anderson et al. 1989), or no effect (e.g., Van Amburg et al. 1981; 75 of96 taxa). 
Homopteran abundance increased with burning, which is consistent with previous research 
(e.g., Cancelado and Yonke 1970, Hurst 1970, Nagel 1973), although other studies have 
found a decrease (e.g., Anderson et al. 1989, Siemann et al. 1997), no difference (e.g., Van 
Amburg et al. 1981 ), or both an increase and decrease, depending on subfamily ( e.g., Harper 
et al. 2000). 
Abundance and dry biomass of Hemiptera, Lepidoptera, and Trichoptera, and dry 
biomass of Coleoptera decreased with burning in 2001. For Hemiptera, these results are 
inconsistent with previous research that has shown either increases or no difference in 
17 
abundance with burning ( e.g., Cancelado and Yonke 1970, Hurst 1970, Van Amburg et al. 
1981, Johnson 1995). Previous studies on responses ofLepidopteran abundance to fire have 
found decreases ( e.g., Siemann et al. 1997), but other studies have indicated little difference 
between burned and unburned areas (e.g., Van Amburg et al. 1981). Decreases in abundance 
of Coleoptera are consistent with previous research (e.g., Bulan and Barrett 1971), but many 
studies have found increases in abundance or biomass with burning or no difference between 
bum treatments (e.g., Tester and Marshall 1961, Hurst 1970, Bertwell and Blocker 1975, 
Anderson et al. 1989). Abundance and biomass of Orthoptera, Diptera, Araneae, 
Hymenoptera, Neuroptera, and Odonata did not differ between bum treatments. This is 
consistent with some previous research ( e.g., Van Amburg et al. 1981 for Orthoptera, 
Hymenoptera, and Odonata; Anderson et al. 1989 for Diptera; Hurst 1970 for Araneae). 
Other studies, however, have found decreases or increases in abundance and biomass with 
burning (e.g., Tester and Marshall 1961, Hurst 1970, Chamrad and Dodd 1972, Van Amburg 
et al. 1981, Anderson et al. 1989, Bock and Bock 1991, Delettre 1994, Johnson 1995, Harper 
et al. 2000). 
All taxa except for Hemiptera differed in abundance between years. Abundances of 
Orthoptera and Araneae decreased between years, and Orthopteran dry biomass decreased 
only in unburned fields. Diptera, Neuroptera, Trichoptera, and Odonata decreased in 
abundance and dry biomass between years in burned and unburned fields, and Coleoptera 
decreased only in unburned fields. The abundance and biomass ofHymenoptera were greater 
in 2002 than 2001. Homoptera abundance and biomass and Lepidoptera abundance increased 
in unburned and burned fields, respectively. Observed decreases are likely due to weather. 
Trichoptera and Odonata are aquatic species, and the remaining taxa are phytophagous or 
predaceous (Risser et al. 1981, McGavin 2000). Because there was less water in 2002, the 
number of individuals from aquatic orders was lower. Changes in vegetation caused by 
differences in moisture between years likely affected populations of phytophagous insects, 
and lower abundance of plant feeding insects likely negatively affected populations of 
predators. Lepidopteran abundance increased between years only on burned fields because 
numbers were depressed by fire in 2001. 
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Disking effects 
Vegetation. As expected, disking led to a decrease in grass, woody plants, litter, and 
standing dead coverage, as well as the height of dead vegetation and depth oflitter (Table 4). 
Vegetation density and height of live vegetation was decreased in lowland grasslands, and 
coverage of forbs, sedges, and bare ground was greater in disked than undisked areas. Plant 
species richness also increased with disking. 
By removing the existing grass-dominated cover of fields, disking increased the 
amount of bare ground and allowed for the germination of forbs. Although disking did not 
always remove all existing cover, particularly in lowlands, most grasses and forbs that 
germinated were annuals that are considered agricultural weeds (Stubbendiek et al. 1995). 
Weed seeds can persist in uncultivated soils for considerable amounts of time, and soil 
disturbance can facilitate the germination of these seeds (Roberts and Feast 1973, Froud-
Williams et al. 1983, 1984). The most common grass species that germinated in disked areas 
was foxtail (Setaria spp.). Giant ragweed (Ambrosia trifida), smartweeds (Polygonum spp.), 
curly dock (Rumex crispus), Canada thistle (Cirsium a-rvense), milkweeds (Asclepias spp.), 
and reed canarygrass were common in disked areas, with giant ragweed and Canada thistle 
more common in uplands and smartweeds more common in lowlands. Additionally, 
coverage of sedges was increased by disking in lowlands. Although reed canarygrass was not 
completely removed by disking, the replacement of this species with annual weeds lowered 
the vegetation density and height of live vegetation in treated areas. 
Research on disking as a tool for wildlife management has traditionally focused on 
game birds. Specifically, disking has been successfully used to control undesirable grass 
species, such as fescue (Festuca spp.) and reed canarygrass (e.g., Kilbride and Paveglio 1999, 
Paveglio and Kilbride 2000, Madison et al. 2001). Disking was successful in decreasing the 
coverage of grasses in reed canarygrass-dominated lowlands in this study. Additionally, 
several other studies have found an increase in preferred northern bobwhite food plants with 
disking (e.g., Webb and Guthery 1982, Oates and Crawford 1983, Blakely et al. 1990, 
Greenfield et al. 2002), and Greenfield et al. (2002) noted an increase in the coverage of 
annual weeds with this practice. Generally, a decrease in grass and increase in forb coverage 
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is observed with disking (e.g., Webb and Guthery 1983, Madison et al. 1995, Greenfield et al. 
2002). Additionally, decrease in depth and coverage of litter and increase in bare ground 
coverage (e.g., Webb and Guthery 1983, Madison et al. 1995, Paveglio and Kilbride 2000, 
Greenfield et al. 2002, 2003). Also consistent with previous results was an increase in plant 
species richness (e.g., Madison et al. 1995, Paveglio and Kilbride 2000, Greenfield et al. 
2002, 2003). Although only observed in lowlands in this study, earlier studies have 
documented decreases in vegetation density and live vegetation height ( e.g., Greenfield et al. 
2002, 2003). 
Upland and lowland grasslands differed in several vegetation characteristics, with 
lowlands having lower height and coverage of standing dead vegetation and greater coverage 
of grasses than uplands (Table 4). Coverage of forbs and litter was greater in uplands than 
lowlands. Lowlands were generally dominated by reed canarygrass. This invasive species 
spreads vegetatively; it tends to outcompete other species and form monotypic stands 
(Hoffinan and Kearns 1997, Merigliano and Lesica 1998). The dominance of this species 
likely led to the observed differences between uplands and lowlands. In addition to crowding 
out other plant species, reed canarygrass shoots commonly lay down late in the growing 
season. Consequently, lowlands typically had shorter dead vegetation with lower coverage 
than on uplands. Although lowlands had lower coverage of litter, the depth of litter did not 
differ. The difference in litter coverage between uplands and lowlands was likely because 
litter was obscured by a greater coverage of live vegetation in undisked portions of fields. 
Arthropod abundance and dry biomass. The total number and dry biomass of 
arthropods, and the abundance and biomass of Coleoptera (including Chrysomelidae, 
Coccinelidae, Curculionidae, and Tenebrionidae), Hemiptera (including Miridae and 
Pentatomidae), Diptera (including Dolichopodidae and Tephritidae), Araneae, and 
Lepidopteran larvae were greater in disked areas (Table 5, 6). Abundance and biomass of 
Reduviidae (Hemiptera) and adult Lepidopterans decreased with disking, as did biomass of 
Muscidae (Diptera). Richness of orders was unaffected, but number of taxa increased with 
disking (Table 5). 
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These results are consistent with those of several previous studies in fallowed fields, 
and fescue or orchardgrass-dominated fields (e.g., Manley et al. 1994, Madison et al. 1995, 
Greenfield 1997). Consistent with the observed response of Coleopterans to disking is a 
study by Manley et al. (1994), who collected more Coleopterans in disked than undisked 
areas. Although not observed in this study, other research also suggests a positive response 
of Homopterans and Dipterans to disking (Manley et al. 1994, Madison et al. 1995). 
Although disking had no effect on Orthoptera in this study, this practice led to increased 
numbers in earlier studies (e.g., Kay et al. 1977, Manley et al. 1994). A study of arthropod 
responses to disking ofbrome fields, however, found decreased abundance as a result of this 
practice (Robel et al. 1996). 
Total arthropod biomass and abundance and biomass ofHomoptera, Lampyridae 
(Coleoptera), Miridae (Hemiptera), and Gryllidae (Orthoptera) differed between vegetation 
types. Abundance, but not biomass, of Coccinelidae and Hemiptera, and the richness of 
Orthopteran families, differed between vegetation types as well. The abundance of 
Homoptera, Coccinelidae and Lampyridae (Coleoptera) was greater in lowlands than uplands, 
as was the biomass ofHomoptera, Lampyridae, and all arthropods combined. Abundance 
and biomass ofMiridae (Hemiptera) and Gryllidae (Orthoptera) was greater in uplands than 
lowlands. Abundance, but not biomass, ofHemiptera was also greater in uplands than 
lowlands. Previous research has indicated that arthropods are more abundant in cool- than 
warm-season grass plantings, possibly because of greater nutritional content in cool-season 
plants (Boutton et al. 1978, Nelson et al. 1990, Haddad et al. 2001). Hemipterans, 
particularly Mirids, may have been more abundant in uplands because of greater availability 
of forbs. Reasons for the differences in Gryllid abundance and biomass are unknown. 
Disturbances, such as burning and disking, may have affected arthropod taxa directly 
or indirectly. Direct effects of burning or disking include mortality to arthropod adults, 
larvae, or eggs, whereas indirect effects include vegetation changes that affect suitability of 
habitats for taxa. Although burning and disking may initially have negative effects on many 
groups, it is likely that the availability of adjacent untreated areas allowed for easy 
recolonization of treated areas. Burning, for example, inevitably has a negative impact on 
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arthropod adults, larvae, or eggs in the treated area, particularly those above ground, but most 
taxa recover quickly from these changes, primarily from recolonization (Harper et al. 2000, 
Panzer 2003). Although several orders were negatively affected by fire in 2001, one order 
(Homoptera) was more abundant in burned areas, and all taxa recovered by 2002. 
Changes in plant communities likely led to the observed differences in arthropod 
populations between disked and undisked areas. In particular, disking increased plant species 
richness, which is known to influence the diversity and abundance of arthropods (Knops et al. 
1999, Haddad et al. 2001). Additionally, the increase in forbs with disking likely enhanced 
populations of arthropods in disked areas. Previous research has indicated that abundance 
and biomass of arthropods are positively associated with the presence or percent cover of 
forbs (e.g., Burger et al. 1993, Siemann et al. 1998, Symstad et al. 2000, Jamison et al. 2002). 
Most arthropods collected in this study feed on plant tissues or sap, but some Coleoptera, 
Lepidoptera, Hemiptera, Diptera, Hymenoptera, and Homoptera feed on the pollen, nectar, or 
seeds of flowering plants, and the addition of forbs may have benefited these taxa (Risser et 
al. 1981, McGavin 2000). Specific flower-dependent families, such as Cantharidae 
(Coleoptera) and Syrphidae (Diptera), however, did not respond positively to disking. 
Arthropods in the family Anthocoridae (Hemiptera), also known as flower bugs, responded 
positively to disking in lowlands but not uplands. Chrysomelids (Coleoptera), and Dipterans 
in the families Dolichopodidae and Tephritidae, all of which responded positively to disking, 
are known to feed on flowers or plant tissues of forbs (McGavin 2000). 
Groups that are predatory, such as Araneae and Reduviidae (Hemiptera) responded 
positively and negatively to disking, respectively. Although disking may have initially 
negatively affected both taxa, the abundance of Araneae in surrounding areas likely allowed 
this group to rapidly colonize disked areas. Greater abundance and biomass of herbivorous 
insects, which are potential prey, in disked areas may have resulted in the positive response 
by Araneae. Reduviidae, however, were rare and likely did not exist in sufficient numbers to 
rapidly colonize disked areas. 
Some of the differences in arthropod abundance and biomass observed in this and 
previous studies, however, may have been caused by a sampling effect ( e.g., Southwood 
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1978, Evans et al. 1983). Specifically, because the immediate effect of burning is to decrease 
the coverage and density of vegetation, some sampling techniques (e.g., sweep netting) catch 
more individuals in less dense (i.e., burned or disked) areas. Although one taxon 
(Homoptera) was more abundant on burned than unburned fields, and several taxa were more 
abundant in disked than undisked areas, this is unlikely a sampling effect. Because burning 
did not affect the density or height of live vegetation by the time of sampling, and because 
arthropods were sampled after vegetation, differences in abundance were probably not caused 
by these aspects of the vegetation. Disking decreased the density and height of live 
vegetation only in lowlands, and total coverage of live vegetation increased only in uplands. 
Because abundance and biomass of arthropods were generally increased with disking in both 
uplands and lowlands, it seems unlikely that changes in vegetation affected the number of 
individuals collected. Even if sampling effects do exist, the interest of this study was in the 
availability of food resources to breeding birds. Because most birds breeding in these 
grasslands forage low in vegetation (Cody 1968), disking likely increased the availability of 
food to these species. 
MANAGEMENT IMPLICATIONS 
Burning and disking altered both vegetation structure and arthropod abundance and 
biomass. The effect of fire on vegetation, however, was primarily limited to residual 
vegetation and did not last beyond the first growing season post-burning. The use of 
prescribed burning, however, is important for controlling the spread of woody vegetation. In 
the Iowa River Corridor, the spread of woody plants is a particular management concern, so 
fire should be used to prevent establishment of undesirable woody species. Although burning 
likely negatively impacted most arthropods, many taxa are able to quickly recolonize the 
burned area (Harper et al. 2000, Panzer 2003). Arthropod orders that were negatively 
impacted by burning during the first growing season post-fire included Coleoptera, 
Hemiptera, Lepidoptera, and Trichoptera. Coleoptera and Lepidoptera, in particular, are 
important food sources for breeding birds (Wiens and Rotenberry 1979, Kaspari and Joern 
1993, Kobal et al. 1998). As with vegetation, effects of burning on arthropods did not last 
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into the second growing season post-fire. Annual burning, then, should be avoided to prevent 
negatively affecting important food resources. 
Disking provided a habitat structure and composition favorable for brood-rearing by 
game birds, and similar to early-successional CRP fields, which generally have greater bird 
species richness and abundance than older fields (Rodgers 1999, Millenbah et al. 1996). This 
practice, however, if done on a large scale may negatively impact several nongame species of 
conservation concern (Chapter 3). The altered vegetation structure and composition of 
treated areas resulted in an increase in the number of arthropod taxa, and several taxa that are 
recognized as important food resources for breeding birds. Specifically, Coleoptera 
(including Chrysomelidae and Curculionidae) and Lepidopteran larvae increased with 
disking; all of these taxa are known to be important components of grassland bird diets (Beal 
1900, Judd 1901, Wiens and Rotenberry 1979, Kaspari and Joern 1993). A few groups of 
arthropods decreased with disking (Reduviidae, adult Lepidoptera, some Diptera). These 
groups, however, likely were not important food resources for breeding birds. Both burning 
and disking appear to be effective management options for maintaining open riparian habitats 
and likely enhance the value of these habitats to many grassland wildlife species. 
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CHAPTER 3. EFFECTS OF HABITAT, BURNING, AND DISKING ON SONGBIRDS 
IN FLOODPLAIN CONSERVATION EASEMENTS IN 
EAST-CENTRAL IOWA 
A paper to be submitted to the Journal of Wildlife Management 
Thomas J. Benson 
Abstract: In the Midwest, extensive conversion of riparian areas for agricultural production 
has greatly altered their function and suitability for migratory birds. More than 120,000 ha of 
riparian habitat have been restored in this region through USDA conservation programs, with 
restoration of riparian functions a major focus of land management agencies. I assessed 
songbird responses to the structure and composition of vegetation, arthropod abundance, 
burning, and disking in conservation easements in east-central Iowa. In 2001 and 2002, I 
collected data on density, nest abundance, species richness, and reproductive success of 
songbirds in upland and lowland riparian grasslands. A nested analysis of vegetation and 
arthropod variables indicated that vegetation structure and composition explained variation in 
bird species richness, density of common species, and conservation value, but adding 
arthropod abundance improved most models. Adding the effects of burning to the best 
habitat model improved the model for red-winged blackbird density, and incorporating 
disking effects improved habitat models for grasshopper sparrow, dickcissel, sedge wren, and 
American goldfinch density, species richness, and conservation value. For several species, 
the configuration of disked areas was also important. Most birds used these areas primarily 
for foraging, and large-scale application of disking would likely be detrimental to species 
generally associated with dense vegetation. Although nest success in these habitats was 
generally low, burning and disking appeared to increase reproductive success for red-winged 
blackbirds and dickcissels. These restored riparian grasslands provided habitat for many bird 
species, including 9 that are considered moderate or high conservation priorities. 
Consideration of plant community structure and composition as well as arthropod abundance 
appear to be important for managing these habitats for bird conservation, and burning and 
disking can be effective for achieving management goals. 
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Key words: Akaike's Information Criterion, arthropods, burning, disking, Emergency 
Wetlands Reserve Program, grassland birds, riparian habitats, Wetlands Reserve Program 
INTRODUCTION 
Since European settlement, the midwestem United States has undergone major 
changes in land cover. Both prairies and wetlands have been reduced to a fraction of their 
former extent (Dahl 1990, Samson and Knopf 1994). In Iowa, for example, this conversion 
of presettlement landscapes to agriculture has resulted in the loss of >99% of native prairie 
and >95% of wetland habitats (Bishop 1981, Smith 1998). 
As interfaces between terrestrial and aquatic ecosystems, riparian areas are important 
landscape components. Like other natural communities in the Midwest, riparian areas have 
been altered greatly; the loss of native floodplain vegetation has been more widespread in the 
Midwest than in any other region of the United States (Brinson et al. 1981, National Research 
Council 2002). Besides the loss of native vegetation, conversion of these habitats to 
agriculture has resulted in the loss or alteration of many natural functions, including flood-
water storage, nutrient and sediment retention, and wildlife habitat. In addition to local 
effects on water quality and wildlife, the impacts of agriculture on Midwestern riparian areas 
are thought to contribute to hypoxia in the Gulf of Mexico (Mitsch et al. 2001 ). 
Historically, the composition and structure of Midwestern riparian plant communities 
were shaped by the timing, duration, and extent of disturbances such as flooding and fire 
(Brinson et al. 1981, Gregory et al. 1991, Nelson et al. 1998). Forested areas were common 
riparian components prior to European settlement and were often bordered by extensive areas 
of grasslands and herbaceous wetlands (Weaver 1968, Nelson et al. 1998). This range of 
habitat types and hydrologic conditions historically made riparian areas important habitat for 
a wide diversity of plant and animal species (Fredrickson and Reid 1986, Iowa Department of 
Agriculture and Land Stewardship 1999). 
The native plant communities of midwestem riparian systems historically provided 
breeding habitat for many species of breeding birds, including forest, savanna, grassland, and 
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wetland associated species. Restoration of riparian grasslands and wetlands has the potential 
to benefit many bird species, including some that have shown widespread and consistent 
population declines (Peterjohn and Sauer 1999). 
In the past 2 decades, the implementation of Farm Bill programs such as the 
Conservation Reserve Program (CRP) and Wetlands Reserve Program (WRP) has led to 
attempts to return natural functions to the landscape by restoring millions of hectares of 
grasslands and wetlands. Authorized in 1990, WRP is a voluntary wetland restoration 
program in which landowners can enter into permanent or 30-year easements, or 10-year 
cost-share agreements. Landowners are compensated for taking their land out of agricultural 
production and receive up to 100% of restoration costs. Combined with emergency flood-
mitigation programs such as the Emergency Wetlands Reserve Program (EWRP), CRP and 
WRP have restored thousands of hectares of riparian habitat throughout the Midwest. 
Although originally created to decrease commodity production, reduce erosion, improve 
water quality, and mitigate flood damages, these programs have benefited wildlife 
populations throughout the United States (Heard et al. 2000). 
Relationships between habitat structure and composition and the species richness and 
abundance of grassland birds are well documented (e.g., Wiens 1969, Rotenberry and Wiens 
1980). Likewise, the effects of arthropod food resource abundance on bird survival and 
reproduction have been well documented (Martin 1987, Newton 1998). Although food in 
grasslands has been assumed to be superabundant during the breeding season ( e.g., Wiens 
1973, Wiens 1977a, Wiens and Rotenberry 1979), resource abundance varies in space and 
time, grassland birds feed selectively (Kaspari and Joern 1993), and birds may deplete the 
number of prey in these habitats (Joern 1986, Fowler et al. 1991, Bock et al. 1992). Local 
abundance of food resources in grasslands, then, may be an important habitat feature. 
The total abundance or biomass of arthropods may influence habitat use by birds 
during the breeding season (Brenner 1968, Blake and Hoppes 1986, Enck 1987, Gray 1993, 
Jamison et al. 2002) and during migration and winter (Hutto 1985, Johnson and Sherry 
2001). Additionally, prey abundance may affect how birds place their territories (Bollman et 
al. 1997, Burke and Nol 1998). Total abundance of arthropods, however, may not be the best 
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measure of food availability. Because birds apparently select prey based on taxonomic 
identity and size, the abundance and biomass of different taxa and size classes of arthropods 
may be important in explaining habitat use (Raley and Anderson 1990, Kaspari and Joern 
1993). 
Burning and disking are tools commonly used by managers in the Midwest to 
establish, maintain, or alter herbaceous vegetation. These practices, by altering vegetation 
and food resources, likely affect the density, species richness, and reproductive success of 
birds. Burning effects on grassland birds vary between species, with some populations 
increasing in response to fire and some decreasing (Herkert 1994a, Madden et al. 1999). 
Species richness may also be affected, although burning effects generally are relatively short-
lived (Madden et al. 1999). 
Originally a tool for cultivation of agricultural fields, disking is a management 
practice that is receiving increasing attention by wildlife managers. By mechanically 
removing existing vegetation, decreasing coverage of grasses and litter, increasing the 
coverage of bare ground, and allowing for increased coverage of forbs, this practice has been 
used primarily to provide favorable habitat for game-bird production ( e.g., Webb and Guthery 
1983, Manley et al. 1994, Madison et al. 1995). Potential wildlife benefits of disking, 
including an earlier-successional vegetational structure and increased abundance of 
arthropods, has led to recommendations for its increased use as a management tool ( e.g., 
Rodgers 1999). Although research on breeding bird responses to disking is limited, the 
observed changes in habitat may positively affect some species. 
The objectives of this research were to evaluate the effects of burning, disking, 
vegetation structure and composition, and arthropod abundance on the density, species 
richness, and reproduction of birds breeding in grass dominated riparian habitats of east-
central Iowa. Specifically, the effects of burning and disking were evaluated in upland and 
lowland riparian grasslands in order to provide guidance for future restoration and 
management. Because burning and disking alter vegetation structure and composition and 
the abundance and biomass of arthropods, I expected these management practices to affect 
bird communities. Specifically, I expected burning and disking to make habitats more 
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suitable for species that are associated with open habitats and less suitable for species that 
prefer densely vegetated areas. Additionally, decreases in arthropod abundance with burning 
and increases with disking were expected to affect bird densities and species richness 
accordingly. 
STUDY AREA 
I studied restored grasslands and seasonal wetlands in the Iowa River Corridor, 
located in Tama, Benton, and Iowa counties of east-central Iowa. The Iowa River Corridor 
Project (IRCP) is a cooperative effort of the Natural Resources Conservation Service 
(NRCS), United States Fish and Wildlife Service (USFWS), and Iowa Department of Natural 
Resources (IDNR). The IRCP encompasses >20,000 ha ofland along a 72 km stretch of the 
river. Currently, there are > 100 riparian WRP and EWRP easements totaling about 5,000 ha 
of former agricultural land enrolled in NRCS conservation programs. The average width of 
the drainage basin is 32 km, and the watershed drains about 1.25 million ha, about 1 million 
of which were cropland prior to initiation of the IRCP (United States Department of 
Agriculture 1976). 
The plant species composition in IRCP easements varies depending on elevation, 
previous land use, and extent of restoration efforts. Prior to settlement, the IRCP was 72% 
grassland, about half of which was on hydric soils (Chapter 4). High elevation grassland 
areas (hereafter called uplands) within the IRCP were planted to native grass species, 
generally switchgrass (Panicum virgatum) or big bluestem (Andropogon gerardii). 
Currently, seed mixes for the hydric soils of low elevation grasslands (hereafter called 
lowlands) are not readily available; consequently, these areas are classified for natural 
revegetation and are generally dominated by reed canarygrass (Phalaris arundinacea), an 
invasive perennial species common in wet soils (Hoffman and Keams 1997, Merigliano and 
Lesica 1998). I collected data on 20 upland and 30 lowland grasslands in 2001 and 2002. 
Fields are defined as separate easements, or different management units within an easement 
and were >8 ha and dominated by herbaceous vegetation, generally grasses. 
The average temperature in the study area for May, June, and July was 20 C in 2001 
and 2002. May was warmer, and June and July cooler, in 2001 than 2002 (16, 20, and 24 C 
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for May, June, and July 2001, respectively; 13, 22, and 25 for May, June, and July 2002, 
respectively). Mean monthly precipitation was 11 cm for May through July 2001, and 10 cm 
for the same months of 2002. May and June 2001 were wetter, and July drier, in 2001 than 
2002 (13, 12, and 8 cm, respectively for May, June, and July 2001; 9, 11, and 10 cm for May, 
June, and July 2002 (Belle Plaine, Iowa; National Oceanic and Atmospheric Administration 
2001, 2002). 
Treatments 
Uplands. Ten of 20 upland fields were randomly assigned to a spring burning 
treatment. Burning took place between 19 April and 11 May 2001. Seven fields received a 
strip-disking treatment (6 of which had been burned). Although disking was scheduled for 
spring, wet conditions caused disking to be delayed until summer. Strip-disking was 
completed between 27 June and 20 July 2001. Disking was single-pass to a depth of about 
23 cm and was completed with a tandem disk. Strips were disked about 20 m wide spanning 
the length of each treated field. Disking took place through the center or along the edge of 
each treated field, and about 1 ha of each field was treated ( X = 1.12 ha, SE= 0.16, range: 
0.67-1.68 ha). 
Lowlands. Fifteen of 30 lowland fields were randomly assigned to a disking 
treatment. Two fields were treated around July 15, but most disking was completed between 
1 September and 1 October 2001. Before disking, existing vegetation was mowed to a height 
of about 10 cm, baled and removed. Disking was single-pass to a depth of about 23 cm, and 
was completed with a tandem disk. Treatments were done near the center of each field, and 
about 2 ha of each field were disked (X= 1.71 ha, SE= 0.12, range: 0.8-2.48 ha). The 
configuration of disking varied from a block shape (low perimeter/area ratio) to a strip shape 
(high perimeter/area ratio; X = 419.5 m/ha, SE= 52.6, range: 254.0-1050.0 m/ha). 
METHODS 
Bird surveys. I surveyed birds 4 times between 17 May and 25 July 2001 and again 
between 23 May and 30 July 2002. Four non-overlapping, 50-m-radius point-counts were 
randomly placed in each field. Counts were 5 minutes and were completed between sunrise 
and 1000 hr. Observers were trained before initiation of field work and were rotated among 
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sites to minimize bias. Surveys were not done during mornings with high winds (>24 km/h) 
or rain. All birds identified visually or by song within the survey area were recorded, as were 
the method of identification (visual, song, call) and sex of each individual. Birds identified 
visually were placed into 1 of 5 distance classes, 0-10 m, 11-20 m, 21-30 m, 31-40 m, or 41-
50 m, and birds flying over count circles were not included in analyses. When possible, the 
same point count locations were used in both years (197 of 200 points) . Counts from 
adjacent fields were >250 m apart. In fields that received a disking treatment, point-counts 
were generally located outside of the treated area. Based on published territory sizes of bird 
species in the study area (e.g., 7,123 m2 for dickcissel, and 5,261 m2 for common 
yellowthroat), I expected a response to occur within 100 m of disked areas (Schoener 1968, 
Schartz and Zimmerman 1971, Bums 1982, Searcy and Yasukawa 1995), and point-counts 
within treated fields were generally within this radius. 
Nest searches. All fields were searched for nests twice between 15 May and 15 July 
in 2001 and again in 2002. About 2 ha of each field was searched by 3 or 4 observers 
walking 2-3 m apart, sweeping the vegetation with poles and looking for nests or flushed 
birds. Nests encountered during other activities were also included. Nests were marked with 
flagging 3-5 m from the nest and monitored at 2 to 4 day intervals to determine fate. Time 
spent at nests and damage to vegetation around nests was minimized to avoid making nests 
conspicuous to predators. 
Vegetation structure and composition. Vegetation structure and composition were 
measured once yearly at 10 randomly placed points in each field between 4 and 27 June 2001 
and 5 and 17 June 2002, corresponding to the peak of the breeding season for most birds in 
the study area. Vegetation density was measured from the four cardinal directions using a 
Robel pole at a distance of 4 m and height of 1 m (Robel et al. 1970). The heights of live and 
dead vegetation were measured as the maximum height of vegetation nearest to the Robel 
pole. Litter depth was measured at the nearest uncompressed point near the Robel pole. A 1-
m2 quadrat, placed with its southeast comer touching the Robel pole, was used to measure 
percent coverage of grasses, forbs, litter, standing dead vegetation, bare ground, and species 
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richness. Plant species covering >5% of the quadrat were identified, and all species were 
assigned a dominance category (1-6) based on abundance (Daubenmire 1959). 
Arthropod abundance. Arthropods were collected along 6 randomly located transects 
in each field in 2001 and 2002. Transects were 20 min length; sampling consisted of 10 
sweeps with a 38-cm diameter sweep net, where a sweep included 2 motions - left then right 
- and each motion was 1 m in length. Sweeps were completed between the ground and 1 m. 
Personnel were trained before collection began in order to standardize sampling. Sampling 
was done after 1000 hr, and was not done in high winds or under wet conditions. Arthropods 
from the 6 transects were combined into one sample per field. Samples were collected twice 
between 27 June and 17 July 2001, and again between 19 June and 12 July 2002. Sweep 
samples were immediately placed into 70% ethyl alcohol for preservation and storage. 
Because of taxonomic and size preferences observed by birds in previous studies ( e.g., 
Kaspari and Joern 1993, Kobal et al. 1998), arthropods were sorted by order and assigned to 
1 of 3 size classes based on body length, 0-5 mm, 6-10 mm, ~ 1 mm (hereafter small, 
medium, and large, respectively). 
Statistical analyses. Density of birds (males/ha) was calculated for common species 
(~40 observations) using the program DISTANCE (Buckland et al. 1993). For grassland 
species with ~40 observations, I compared models of detectability as a function of distance 
that incorporated a uniform distribution with cosine or simply polynomial adjustments, a 
half-normal model with cosine or hermite polynomial adjustments, and a hazard-rate model 
with cosine adjustments (Buckland et al. 1993). Models were ranked according to Akaike' s 
Information Criterion (AIC; Burnham and Anderson 1998). Because detection functions 
were similar across treatments, habitat types (i.e., upland or lowland) and years, density was 
estimated with a global detection function (Buckland et al. 1993). 
The number of vegetation and arthropod variables was reduced using 2 separate 
principal components analyses. Principal components analyses were completed on the 
correlation matrix of mean values for original variables from each field. Because 
relationships between variables were similar in both uplands and lowlands and between 
years, I pooled data by habitat type and year. Principal components with eigenvalues > 1 were 
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retained until ~75% of the variance of original variables was explained. A varimax rotation 
was performed on principal components to improve interpretability, and principal 
components with loadings~ 0.5 or ~0.5 were interpreted as significant (McGarigal et al. 
2000). 
To determine the relationships between bird density (males/ha) or nest abundance 
(nests/field) and vegetation, arthropod, and treatment variables, I used multiple linear 
regression. Models were evaluated based on AIC corrected for small sample sizes (AICc; 
Burnham and Anderson 1998). Because birds and arthropods may be responding 
independently to differences in vegetation structure and composition, and arthropod sampling 
may be affected by vegetation, I only included arthropod variables in models that already 
accounted for the effects of vegetation. To test for improvement of models, arthropod 
variables were added to the best vegetation model (i.e., lowest AICc), and treatment effects 
were added to the best vegetation or vegetation + arthropod model (hereafter best habitat 
model). The habitat or habitat + treatment model with the lowest AICc was considered to 
have the most support (Burnham and Anderson 1998). Because models were nested, only 
models within 0.5 ~AICc (i.e., AICci - minAICc) were considered to be competing models. 
Habitat types (i.e., upland or lowland) were analyzed separately because of differences in 
hydrology, plant communities, the implementation of treatments, and because upland and 
lowland fields were often adjacent (i.e., point-counts may have been <250 m apart). 
Additionally, the influence of habitat and treatment factors on species richness and 
conservation value were modeled using the same methods as for density and nest abundance. 
For species richness, 3 different measures were used: richness of all species, grasslands 
species, and breeding species. Grassland birds included obligate and facultative species as 
defined in Vickery et al. (1999). Species were recognized as breeding in a field if present on 
~ survey rounds. Conservation value was determined using the density of each grassland-
or wetland-associated species and its Partners in Flight (PIF) prioritization score for the 
Dissected Till Plains (Carter et al. 2000, Fitzgerald and Pashley 2000, Nuttle et al. 2003; for 
PIF scores see acknowledgements): 
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s 
Conservation value = I densityi x prioritization scorei. 
i=I 
To determine model selection uncertainty and assess the relative importance of 
variables, Akaike weights were determined for each model (Burnham and Anderson 1998). 
The relative importance of each variable was assessed by summing the Akaike weights of all 
models including the variable in question (Burnham and Anderson 1998). 
Estimates and standard errors for daily survival rate of nests were generated for 
species with ~10 nests using program MARK (White and Burnham 1999, Dinsmore et al. 
2002). Potential differences in daily survival rate between treatments and years and over time 
within years were evaluated using AICc, Although the model with the lowest L\AICc was 
considered to have the most support, models with MI Cc< 2 were considered to be 
competing models. 
For upland fields, I considered the effects of burning in 2001, and the effect of disking 
in 2002. Because only 1 of7 disked fields was not burned in 2001, I could not assess the 3-
way interaction between burning, disking, and year. I tested for a disk x year interaction 
rather than a disk-only model in lowland fields because treatments were done between years, 
and the treatment may have affected the change between years. To test for effects of the 
amount of area disked and the perimeter-to-area ratio of the disked area, I added these terms 
to the disk model. 
RESULTS 
Breeding habitat 
Vegetation. Collectively, 6 principal components explained >85% of the variation in 
the vegetation variables (Table 1). The first principal component (Vl) represents a gradient 
of grass and forb coverage. The second principal component (V2) represents a gradient of 
litter and the total coverage of live plants. Principal component 3 (V3) loaded highly for the 
height and coverage of standing dead vegetation. The fourth principal component (V 4) 
explains variation in vegetation density and height of live plants. The fifth and sixth 
principal components (V5 and V6) represent a gradient oflitter depth and coverage of bare 
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ground, and the coefficient of variation in vegetation density and height, respectively. 
Dominance of reed canarygrass did not load highly on any principal components. 
Arthropods. About 79% of the variation in arthropod abundance was explained by 
the first 6 principal components (Table 2). The first arthropod principal component (Al) 
explained variation in abundance of Orthopterans. Araneae, small Coleopteran, and Dipteran 
abundance were explained by the second principal component (A2). The abundance of 
medium-sized Coleopterans, Lepidopterans, and large Orthopterans was explained by 
principal component 3 (A3). Principal component 4 (A4) represented variation in the 
abundance of Homopterans and the total abundance of arthropods. Large Coleoptera, 
Hemiptera, and large Lepidoptera abundance was represented by principal component 5 (A5). 
The sixth arthropod principal component (A6) explained variation in the abundance of 
Hymenopterans. 
Bird responses 
In 2001, 20 bird species were found in upland and 25 were found in lowland 
grasslands (Appendix A). During 2002, 19 species were observed in upland and 25 in 
lowland grasslands. Combining years, I observed 25 species in uplands and 33 in lowlands, 
with 39 in both habitat types combined. Uniform functions were used for modeling 
detectability of all bird species separately and combined (Buckland et al. 1993). No 
adjustments to the detection function were made for red-winged blackbirds, dickcissels, or 
grasshopper sparrows. One cosine adjustment was selected for common yellowthroat and 
American goldfinch detection functions (see Buckland et al. 1993). For sedge wrens, the best 
model incorporated 2 cosine adjustments, and the model for detectability of all bird species 
combined included 1 polynomial adjustment. 
Habitat effects. The 6 most abundant grassland species in upland and lowland 
grasslands in 2001 and 2002 were red-winged blackbird, dickcissel, common yellowthroat, 
sedge wren, American goldfinch, and grasshopper sparrow (Tables 3, 4; for scientific names 
see Appendix A). Vegetation variables explained variation in density and species richness of 
birds in uplands and lowlands, but the strength of models varied (R2 = 0.03-0.47 for uplands; 
R2 = 0.03-0.42 for lowlands). In uplands and lowlands, variables included in the best 
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vegetation model varied among species, but most often included V 4 in uplands and V2 and 
V4 in lowlands (Tables 5, 6). 
Adding arthropod principal components to vegetation models improved models for 
density of red-winged blackbirds, dickcissels, common yellowthroats, American goldfinches, 
grasshopper sparrows, and all birds combined in uplands and lowlands, and for sedge wrens 
in lowlands (Tables 5, 6). Including arthropod variables also improved models for richness 
of all species combined and grassland species specifically in uplands and lowlands, and 
improved the model for breeding species richness in lowlands (Tables 5, 6). The percent 
additional variance explained (R 2 vegetation+ arthropod - R 2 vegetation) ranged from 3-19% in uplands, 
and from 2-21 % in lowlands (Tables 5, 6). The variables included in vegetation+ arthropod 
models varied, but most often included A4 and AS in uplands, and Al in lowlands (Tables 5, 
6, 7). 
Treatment effects. Including treatment effects improved the best habitat models (i.e., 
vegetation or vegetation + arthropod) for red-winged blackbird and grasshopper sparrow 
densities in uplands (Table 5). Red-winged blackbirds were negatively associated with 
burning, and grasshopper sparrows were positively associated with disking. In lowlands, 
including the disk x year interaction improved models for the density of dickcissels, sedge 
wrens, and American goldfinches, the richness of all species combined and breeding species 
alone (Table 6). Including additional information on treatments (area disked, perimeter/area) 
improved models for density of dickcissels and American goldfinches, and breeding species 
richness (Table 6). 
Nest abundance. I found a total of 86 active nests of 6 different species in uplands in 
2001, and 61 active nests of 7 species in 2002 (Table 8). In lowlands, I found 51 active nests 
of3 species in 2001 and 76 active nests of 6 species in 2002 (Table 9). Models incorporating 
vegetation variables explained variation in nest abundance for red-winged blackbirds, 
dickcissels, and all species combined in uplands and lowlands, but the strength of models 
varied (R2 range: 0.05-0.26; Tables 10, 11). Important variables included Vl and V2 for red-
winged blackbird and V3 and VS for dickcissel nest abundance (Tables 10, 11, 12). 
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Adding arthropod variables improved nest abundance models for red-winged 
blackbirds, dickcissels, and all species combined in both uplands and lowlands (Tables 10, 
11). The first arthropod principal component (Al) appeared frequently in models of nest 
abundance for red-winged blackbirds, dickcissels, and all species combined (Tables 10, 11, 
12). 
Adding treatment effects did not improve models of nest abundance in uplands (Table 
10). Including the disk x year interaction improved models for abundance of red-winged 
blackbird and dickcissel nests (D.AICc ~.50), but not for all nests combined in lowlands 
(Table 11 ). Area disked and perimeter-to-area ratio did not improve models of nest 
abundance in lowlands. 
Nest success. Nests ofred-winged blackbirds and dickcissels were sufficiently 
abundant to permit calculations of daily survival rate (DSR). Nests for dickcissels, however, 
were pooled between uplands and lowlands due to rarity in lowlands. The DSR estimates for 
red-winged blackbird nests in burned and unburned upland fields in 2001 were 0.8893 ± 
0.0255 and 0.8711 ± 0.0230, respectively. In 2002, red-winged blackbird DSRs were 0.8272 
± 0.0602 and 0.9065 ± 0.0231 in disked and undisked upland fields, respectively. In lowland 
fields, DSRs were 0.9377 ± 0.0192 and 0.9150 ± 0.0259 in pre-disked and undisked fields in 
2001, and 0.9506 ± 0.0124 and 0.9057 ± 0.0192 in disked and undisked fields in 2002, 
respectively, for red-winged blackbirds. In 2001, dickcissel DSRs were 0.9545 ± 0.0223 and 
0.8972 ± 0.0262 in burned and unburned fields, respectively. The DSR estimates for 
dickcissels in disked and undisked fields in 2002 were 0.9688 ± 0.0153 and 0.8933 ± 0.0359, 
respectively. 
The best model of daily survival rate of red-winged blackbird nests in both uplands 
and lowlands was constant (i.e., no differences between years or treatments; Table 13; DSR = 
0.8829 ± 0.0136 for uplands and 0.9301 ± 0.0090 for lowlands). The models for year effects 
in uplands and both disk and disk x year effects in lowlands, however, were strong 
competitors to the constant model (~Cc< 2; DSR = 0.8786 ± 0.0171 and 0.8906 ± 0.0221 
for 2001 and 2002, respectively, in uplands). The best model for daily survival rates of 
dickcissels incorporated effects of burning and disking, but the disk only, habitat type, and 
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constant models were strong competitors (Table 13; DSR = 0.9299 ± 0.0124 for constant 
model). There was evidence of differences between uplands and lowlands for daily survival 
rate of dickcissels (Table 13; DSR = 0.9174 ± 0.0159 for uplands, 0.9601 ± 0.0175 for 
lowlands). 
Conservation value. Vegetation explained variation in conservation value in both 
uplands and lowlands (Tables 5, 6). Adding arthropod variables improved the model in 
uplands, but not lowlands. In uplands, burning and disking appeared to have no effect, but 
disking in lowlands appeared to increase conservation value. Additional information on size 
or configuration of disked areas in lowlands, however, did not improve models (Table 6). 
DISCUSSION 
The bird species and densities found in restored grasslands of the Iowa River Corridor 
are similar to those found in other studies of grassland birds in Iowa and throughout the 
Midwest (e.g., Cink and Lowther 1989, Johnson and Schwartz 1993, Patterson and Best 
1996, Fletcher and Koford 2002, Murray and Best 2003). Several species, however, were 
notably absent from these riparian grasslands during the breeding season. Although present 
in open habitats outside of the corridor, bobolinks and meadowlarks were observed at very 
low densities in this study (Appendix A). Bobolinks, however, were found flying over sites 
prior to breeding and were present in some fields after the breeding season. These restored 
grasslands appeared to be suitable habitat for a number of grassland species, including 9 that 
are considered moderate or high conservation priorities (Fitzgerald and Pashley 2000, Nuttle 
et al. 2003). 
Habitat effects 
Vegetation variables were important in predicting density and species richness, but 
models varied in quality within and between habitat types. In general, vegetation associations 
are similar to those observed in other grassland studies, and species often respond to some of 
the same variables in both habitat types (Rotenberry and Wiens 1980, Herkert 1994b, 
Patterson and Best 1996, Delisle and Savidge 1997, Fletcher and Koford 2002). No species, 
however, responded to vegetation variables identically in both habitats (Tables 5, 6). 
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Density of red-winged blackbirds, common yellowthroats, and American goldfinches 
was associated with the presence of tall, dense vegetation in both uplands and lowlands 
(Tables 5, 6). This is generally consistent with previous research on these species (Fletcher 
and Koford 2002, Murray 2002). All three species build above-ground nests, although 
American goldfinches are generally associated with wooded edges (Middleton 1993). 
Species richness and total bird density were associated with vegetation height and density 
only in uplands. 
Grasshopper sparrow density was associated with open habitats in both uplands and 
lowlands, as was dickcissel density in lowlands (Tables 5, 6). Additionally, dickcissel 
density was positively associated with cover of forbs in lowlands. As ground nesters, less 
dense habitats appear to be beneficial to grasshopper sparrows. Although dickcissels nest 
above ground, they usually build their nests in forbs (Zimmerman 1966). Densely vegetated 
lowlands generally had lower coverage of forbs than those with low vegetation density. 
Dickcissels, however, did not respond to vegetation density or forbs in uplands. In general, 
uplands had lower vegetation density and greater cover of forbs than lowlands (Chapter 2). 
These factors, then, may have been less important to dickcissels in uplands. 
In addition to dickcissels, common yellowthroat density in uplands was positively 
associated with the cover of forbs. This is consistent with previous research on this species 
(Patterson and Best 1996, Fletcher and Koford 2002, Murray 2002, but see Delisle and 
Savidge 1997). It is unclear why yellowthroats respond to forbs, but cover of these plants is 
often assumed to be associated with increased food availability (Burger et al. 1993, Jamison 
et al. 2002). As mentioned before, however, these plants are important nest substrates for 
some species, but to what extent common yellowthroats nest in forbs is not known. 
Although all 6 species responded to some vegetation variables in one habitat (i.e., 
upland or lowland) but not the other, grasshopper sparrows and sedge wrens responded to 
variables differently in each habitat. Specifically, grasshopper sparrows were positively 
associated with heterogeneity in vegetation height and density in uplands and negatively in 
lowlands. Sedge wrens were positively associated with height and cover of dead vegetation 
in uplands but negatively associated in lowlands. The reason for these differences is not 
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known, but may relate to differences in the range of values in each habitat type. The response 
of birds to habitat features may be non-linear. If habitat types are on different ends of the 
range, perhaps these types of differences can be observed. 
Density of all species combined was positively related to forb cover in both uplands 
and lowlands (Tables 5, 6). In upland grasslands, vegetation density and height of live 
vegetation and cover of total live vegetation were also positively related with total density. 
These results are consistent with other studies (Delisle and Savidge 1997). Because lowlands 
generally had greater vegetation density, live vegetation height, and total vegetation cover, 
birds appeared to respond differently in these areas. 
Species richness was generally related positively to density and height of vegetation in 
uplands, and positively to litter cover in lowlands (Tables 5, 6). Again, the difference 
between habitat types is likely caused by responses of birds to overall differences in 
vegetation structure. Although little previous research has focused on the effects of 
vegetation variables on species richness, Fletcher and Koford (2002) found that grassland 
bird species richness was positively related to litter depth. This is consistent with the 
response of richness to litter cover and litter depth in this study. In contrast, grassland bird 
species richness was negatively associated with litter depth in uplands. 
Adding arthropod variables improved vegetation-based models for density of most 
species, species richness, and conservation value (Tables 5, 6). Models incorporating both 
vegetation and arthropods explained, on average, 10% more variation than models with only 
vegetation variables. Because grassland birds are known to consume all arthropod taxa 
considered in this study and they are often viewed as generalists in their diets, total arthropod 
abundance should be expected to influence habitat use (Martin et al. 1951, Wiens and 
Rotenberry 1979, Rotenberry 1980). Homopterans, despite their numerical dominance in 
many grassland systems, generally form a relatively small proportion of bird diets (Wiens and 
Rotenberry 1979, Kobal et al. 1998). This group, however, is important for some species of 
birds (Bendall and Weatherhead 1982, Whitmore et al. 1986, Raley and Anderson 1990), 
particularly during the nestling stage (Meunier and Bedard 1984). Density ofred-winged 
blackbirds was positively associated with total abundance of arthropods and abundance of 
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Homoptera in both uplands and lowlands. Similarly, American goldfinches in uplands, 
density of all birds in lowlands, and total and breeding species richness in uplands were 
positively associated with these variables. Sedge wrens in uplands, however, were negatively 
associated to total arthropod and Homopteran abundance. 
Lepidoptera, Orthoptera, and Coleoptera are generally dominant in the diets of 
grassland birds (Wiens and Rotenberry 1979, Kobal et al. 1998). Total density of birds and 
breeding bird species richness were negatively related to abundance of Lepidoptera, large 
Orthoptera, and medium Coleoptera in lowlands, and richness of grassland bird species was 
negatively associated with these arthropod groups in uplands. Dickcissels were positively 
associated with abundance of Lepidoptera, large Orthoptera, and medium Coleoptera in 
lowlands, but not uplands. 
Red-winged blackbirds and density of all birds were negatively and positively 
associated, respectively, to abundance ofHymenoptera in uplands. Hymenoptera generally 
form a small proportion of grassland bird diets, and are eaten in lower proportion than 
available (Beal 1900, Judd 1901, Kaspari and Joern 1993). This order, however, occurs with 
relatively high frequency in the stomachs of grassland birds, and some bird species appear to 
select these arthropods in greater proportion than available (Meunier and Bedard 1984, Raley 
and Anderson 1990). 
Dickcissels and grasshopper sparrows in uplands were negatively related, and 
American goldfinches in lowlands were positively related, to abundance of Araneae, small 
Coleoptera, and Diptera. Araneae and Diptera are generally not abundant in grassland bird 
diets, and are thought to be selected in lower proportion than available (Beal 1900, Judd 
1901, Meunier and Bedard 1984, Kobal et al. 1998). Some bird species, however, do eat 
many of these arthropods (Meunier and Bedard 1984, Raley and Anderson 1990). Coleoptera 
appear to be important components of grassland bird diets (Beal 1900, Judd 1901, Bendall 
and Weatherhead 1982). Small arthropods are generally thought to be underrepresented in 
these diets (Kaspari and Joern 1993, Kobal et al. 1998). The size of arthropods brought to 
nestlings, however, varies with age in some species, and grassland birds do eat small 
arthropods, including Coleoptera (Meunier and Bedard 1984, Kaspari and Joern 1993). 
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Total and grassland bird species richness were positively related to abundance of 
Hemiptera and large Coleoptera in uplands and lowlands (Tables 5, 6). Density ofred-
winged blackbirds and all species combined were positively related to abundance of 
Hemiptera and large Coleoptera in lowlands and uplands, respectively. Common 
yellowthroats in uplands were negatively associated with abundance of these groups. As 
mentioned before, Coleoptera are common in the diets of many grassland bird species. 
Hemiptera, however, although occurring relatively frequently, generally do not make up a 
large proportion of diets (Wiens and Rotenberry 1979, Kobal et al. 1998). 
Orthoptera are known to be an important food source for a number of grassland bird 
species, particularly dickcissels and grasshopper sparrows (Judd 1901, Joern 1986, Kobal et 
al. 1998). Densities of dickcissels in uplands and lowlands, grasshopper sparrows in 
lowlands, and all species combined in uplands were positively associated with abundance of 
Orthoptera. Common yellowthroats, sedge wrens, and American goldfinches were negatively 
associated with Orthopteran abundance in lowlands, as were total and grassland bird species 
richness. 
Most of the bird species in this study are known to be primarily insectivorous during 
the breeding season (Beal 1900, Judd 1901, Martin et al. 1951). American goldfinches, 
however, are generally thought to consume seeds but very few arthropods even during the 
breeding season. The abundance of forbs, particularly asters, is generally thought to be 
important for this species (Middleton 1993). I found that density of this species was not 
related to forb cover, but was associated with the abundance of arthropods (Tables 5, 6). 
Although it cannot be determined from this study, these results suggest that arthropods may 
be a more important part of American goldfinch diets than previously thought. No extensive 
diet studies for this species are known, but given the high protein demands of reproduction, 
arthropods may be important for this species ( e.g., Woodard et al. 1977). 
Some researchers have viewed arthropod food resources as being superabundant in 
grassland systems and therefore unimportant to the structure of grassland bird communities 
(Wiens 1973, 1974, 1977b, Wiens and Rotenberry 1979). Community-based models have 
predicted that, based on data collected in these systems, grassland birds can consume only a 
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small fraction of the available arthropods (Wiens and Innis 1974, Wiens 1977b, Wiens and 
Rotenberry 1979). Part of this assertion, however, is based on the idea that grassland birds 
forage opportunistically. The fact that diets of species vary greatly in space and time and 
overlap between species lends support to this idea (Wiens and Rotenberry 1979, Rotenberry 
1980). More recently, however, others have posited that grassland birds select prey based on 
a number of characteristics, including size, energy content, and nutrient composition (Kaspari 
and Joern 1993, Kobal et al. 1998). Additionally, grassland birds have been found to deplete 
populations of preferred food resources (Joern 1986, Fowler et al. 1991, Bock et al. 1992). 
Because selection occurs at the level of individuals and the availability of food resources 
affects reproduction and survival, birds should choose habitats with abundant food supplies 
(reviewed in Martin 1987, Newton 1980, 1998). Given the preference for some sizes and 
taxa of arthropods over others, the ability to deplete resources, and the fact that abundance of 
arthropods varies between grasslands, availability of arthropod food resources should 
represent an important feature of habitats (Martin 1986). 
Additionally, availability of food resources is not believed to influence the number of 
bird species existing in grasslands (Wiens 1977a). Previous research, however, has focused 
on the species assemblages of all grasslands, but not individual sites. Abundance of 
arthropods in this study influenced the species richness of all birds (including non-grassland 
species), grassland species, and breeding species (Tables 5, 6). At least in these restored 
grasslands, there appears to be a relationship between the number of bird species observed 
and the abundance of arthropods. 
Although adding arthropod abundance improved most models of bird density and 
species richness, the direction of relationships varied (Tables 5, 6). If resources are 
superabundant, one would expect positive relationships to indicate use and negative 
relationships to indicate lack of use (or avoidance). Because birds are consuming arthropods 
in their selected habitats and can deplete these resources, negative relationships can also 
indicate use (Holmes et al. 1979, Joern 1986, Fowler et al. 1991 , Bock et al. 1992). Negative 
relationships between arthropod abundance and bird density have been observed in previous 
studies and interpreted as independent responses of birds and arthropods to vegetation 
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structure or composition (George and McEwen 1992). Since it is possible that arthropod 
variables are, in effect, explaining additional variation in vegetation, I ran single variable 
correlations between vegetation and arthropod principal components to test for this 
possibility. If arthropod abundance is only explaining additional variation in vegetation, one 
would expect arthropod variables included in models to be consistently correlated with 
vegetation variables that are also included in the models. Arthropods appeared to reflect 
additional information about vegetation structure or composition for total density of birds in 
uplands and dickcissels and each of the three measures of species richness in lowlands (Table 
14). In 3 of these cases, all arthropod variables in the best vegetation+ arthropod model 
explained additional variation in vegetation. For most models, however, arthropod variables 
did not appear to be explaining additional information about vegetation structure and 
composition, and generally reflected vegetation variables not included in the best model, or 
the opposite direction for variables already in the best model. 
Treatment effects 
Burning. The results of previous research on the effects of burning on birds have 
been variable. Studies often have conflicting results, with some reporting decreases in 
abundance of a species with burning, and others reporting increases or no difference. 
Incorporating the effect of burning improved the habitat model for red-winged blackbird 
density. Red-winged blackbird density was negatively influenced by burning in 2001. 
Previous research on this species, however, has found no effect (Herkert 1994b), increased 
abundance on burned areas (Zimmerman 1992), or decreased abundance on burned areas 
(Robel et al. 1998). The latter two studies, however, did not test differences statistically. 
Because red-winged blackbirds typically nest earlier in the breeding season than many other 
species, the presence ofresidual vegetation is important for nesting. Burning, however, 
removed residual vegetation and may have accounted for the observed effect on this species. 
Previous studies suggest that common yellowthroats are unaffected or negatively 
impacted by fire (Herkert 1994b, Madden et al. 1999). Although this species appeared to be 
unaffected by burning, effects of fire on this species may have been masked by a relationship 
with litter or bare ground, both of which are affected by burning (Chapter 2). Other species 
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in this study were unaffected by burning. This is consistent with previous research on 
dickcissels (Zimmerman 1992, Applegate et al. 2002), sedge wrens (Schramm et al. 1984, 
Zimmerman 1992, Herkert 1994b ), and density of all species combined (Madden et al. 1999). 
Nonsignificant decreases in abundance of dickcissels, American goldfinches, and all species 
combined have also been found (Zimmerman 1992, Robel et al. 1998). Grasshopper 
sparrows were unaffected by burning in this study, but have been negatively affected (Huber 
and Steuter 1984, Johnson 1997) and positively affected (Herkert 1994b, Madden et al. 1999) 
by burning in other studies. 
Disking. Previous research on breeding bird responses to disking has been limited. In 
a Texas study, abundance and diversity ofnongame birds were greater on an area managed 
for northern bobwhites (including disking) than a control area (Webb and Guthery 1983). By 
altering vegetation structure and the abundance of arthropods, disking improved habitat for 
several species in this study. Grasshopper sparrows were positively associated with disking in 
uplands. This species likely responded positively to disking because of decreased vegetation 
density and height early in the growing season, and increased abundance of potential food 
sources. Although sedge wrens appeared to be negatively impacted by the disking treatment 
(Table 3), when accounting for habitat factors, disking is not included in the best model. 
Because disking led to decreased vegetation density and height of live plants, 
decreased grass cover, and increased forb cover in lowlands, treated areas were more suitable 
for dickcissels than untreated areas (Chapter 2). The best model included the positive effect 
of disking and a negative effect of the perimeter-to-area ratio of the disked area. This 
indicates that dickcissels responded more to block-shaped disking treatments than to those 
that were more linear. 
Sedge wrens were also positively affected by disking, although additional information 
on the size or configuration of the disked area did not improve the model (Table 6). Density 
of American goldfinches was positively affected by disking, and perimeter-to-area ratio. 
Total species richness was increased by disking, and breeding species richness was positively 
associated with perimeter-to-area ratio of disked areas. Although not included in the best 
model, a model incorporating the positive effect of disking and negative effect of amount of 
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area disked was a close competitor for common yellowthroat density (LiAICc < 0.20). A 
model incorporating a positive effect of disking was also a close competitor for total bird 
density (~AICc < 0.30). 
Although sedge wrens and common yellowthroats generally nest in areas with dense 
vegetation cover and American goldfinches are associated with dense vegetation with high 
grass cover and litter depth, these species responded positively to disking. These species 
likely used these areas primarily for foraging. American goldfinch density and breeding bird 
species richness were positively associated with disked areas with a high perimeter-to-area 
ratio (Table 6). A linear disking configuration likely provided increased feeding 
opportunities by providing more edge along the periphery of disked areas for species that 
prefer dense areas, such as goldfinches. Common yellowthroats, however, responded 
positively to disking, but negatively to the amount of area that was disked. Disked areas 
generally had low vegetation density and height, and were likely unsuitable habitat for 
common yellowthroat nesting. 
Additionally, total species richness increased with disking, likely because there were 
both more breeding species and nonbreeding species, including a number of forest and forest-
edge species. Conservation value was also increased by disking in lowlands, but adding 
treatment configuration variables did not improve the model. This result is likely driven by 
increases in density of dickcissels, a species of high conservation concern, and to a lesser 
extent, species of moderate conservation priority, including sedge wrens and common 
yellowthroats. 
Nest success 
Overall, nest success for red-winged blackbirds and dickcissels was low. Most nest 
losses were attributed to predation, although the identity of predators was generally unknown. 
Using 24 days for combined egg laying, incubation, and nestling periods, nest success ofred-
winged blackbirds was 5% in uplands and 18% in lowlands, and dickcissel nest success was 
1 7% overall. 
Previous estimates of red-winged blackbird nest success in grassland habitats have 
been as low as 2% (Koford 1999) and as high as 47% (Murray and Best 2003). In Iowa CRP 
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fields, success was 15% (Patterson and Best 1996). Dickcissel nest success estimates in 
Kansas prairie were as high as 54% (Zimmerman 1997), but in Iowa and Kansas CRP, 13-
15% of nests were successful (Patterson and Best 1996, Hughes et al. 1999). Estimates in 
Missouri CRP fields, however, were from 27-29% (McCoy et al. 2001). 
Burning or disking appeared to affect nest success for both red-winged blackbirds and 
dickcissels. Although red-winged blackbird nest success appeared to be unaffected by 
burning, nest success of dickcissels was 33% in burned, and 7% in unburned fields in 2001. 
In 2002, disking appeared to increase nest success, with 30% in disked, and 9% in undisked 
lowlands for red-winged blackbirds, and 47% and 7% for dickcissels in disked and undisked 
fields, respectively. 
Previous studies of burning effects on nest success have found dickcissel daily 
survival rates to be similar between bum treatments, and survival of red-winged blackbird 
nests appeared to be greater in burned areas, but these differences were not statistically 
significant (based on overlapping 95% confidence intervals; Zimmerman 1997). Using 
apparent nest success, Robel et al. (1998) found greater nest success of dickcissels on 
unburned than burned fields, but this was not statistically tested. In a sagebrush ecosystem, 
fire appeared not to affect daily survival rate of two species, although nest success was 
greater on burned sites for one species, and lower for a different species the year after burning 
(Petersen and Best 1987). 
Burning and disking treatments appeared to increase reproductive success of both red-
winged blackbirds and dickcissels. Reasons for these differences, however, are not known. 
Increased litter cover has been assumed to decrease the efficiency of nest predators (Murray 
2002). Burned areas, however, had decreased cover and depth oflitter in 2001 (Chapter 2). 
Vegetation height and density, however, have also been found to negatively affect nest 
predators (Bowman and Harris 1980, Crabtree et al. 1989). Although vegetation density was 
unaffected by burning, the cover of grasses and total live vegetation appeared to be increased 
by burning; this may have impeded nest predators in a similar way. 
Disking decreased the depth and cover of litter and decreased density of vegetation in 
lowlands (Chapter 2). Most birds, however, nested outside of disked areas. Because these 
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outside areas had denser vegetation and greater coverage and depth of litter, foraging 
efficiency of nest predators may have been decreased (Murray 2002). Additionally, predators 
may have spent a greater amount of time foraging in the disked areas. Predators often 
consume eggs and young only after discovering nests while foraging for other food types 
(Vickery et al. 1992). Arthropod food resources were more abundant in disked than undisked 
areas, and predators may have focused foraging time in the treated areas. Nests in fields that 
did not receive a disking treatment, however, may have been more readily discovered. 
Nest success was generally greater in lowlands than uplands. In particular, dickcissel 
nest success appeared to differ between uplands and lowlands, with 13% and 38% success, 
respectively. This apparent difference, again, may have been caused by differences in 
vegetation between these habitats. Lowlands had taller live vegetation, and greater total 
coverage of live plants and grasses. 
Conservation value 
Conservation value was positively related to vegetation height and density in uplands 
and to forb cover in lowlands, but was negatively related to heterogeneity in vegetation height 
and density in both uplands and lowlands (Tables 5, 6). In uplands, abundance of Orthoptera 
was also positively associated with conservation value. Because this measure incorporates 
information about both the density and composition of species, it represents a useful guide for 
conservation efforts. Species of high conservation priority, such as dickcissel and 
grasshopper sparrow, contribute most to this index, whereas species of moderate concern, 
including common yellowthroats and sedge wrens, also contribute significantly. Because 
most of these species of conservation concern responded to disking in lowlands, conservation 
value was also positively associated with this practice (Table 6). 
MANAGEMENT IMPLICATIONS 
Restored riparian grasslands provided habitat for a number of grassland species, 
including 9 that are of moderate or high conservation concern (Fitzgerald and Pashley 2000, 
Nuttle et al. 2003). Vegetation variables were important predictors of bird density, species 
richness, and conservation value, but adding arthropod abundance improved most models. In 
addition to habitat factors, burning and disking influenced habitat use by several species. 
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Burning decreased density of red-winged blackbirds, and possibly common yellowthroats, but 
the density of most species, species richness, and conservation value were unaffected. 
Species negatively affected by burning were likely responding to decreased residual 
vegetation, which provides nest materials and substrates. Most grasslands in the study area, 
however, had been burned within the previous 2 or 3 years. It is possible, then, that frequent 
burning has effects that were not detected in this study. 
The presence of disked areas increased density of grasshopper sparrows and appeared 
to decrease the species richness of breeding birds in uplands. In lowlands, density of 
dickcissels, sedge wrens, and American goldfinches was increased in fields that received a 
disking treatment, as was conservation value. Models incorporating a disking effect were 
close competitors to the best model for density of common yellowthroats and all species 
combined. Dickcissels were positively associated with block-shaped disking treatments, but 
sedge wrens and American goldfinches appeared to respond positively to linear-shaped 
treatments. Most species likely used treated areas for feeding, as nesting in disked areas was 
rare. Sedge wrens, common yellowthroats, and American goldfinches are generally not 
associated with habitats similar to those in disked areas, so large-scale disking may 
negatively impact these species. Dickcissels, however, are often found associated with 
habitats similar to those found in disked areas. 
Burning appeared to increase nest success of dickcissels, and disking appeared to 
benefit both red-winged blackbirds and dickcissels. Burning and disking likely affected 
reproductive success by changing the effectiveness or habitat use of predators, but further 
research on this question is needed. Based on calculations ofreproductive success needed to 
sustain populations of red-winged blackbirds and dickcissels in Missouri CRP fields, nest 
success in the Iowa River Corridor appears to be lower than what is needed to maintain 
populations (McCoy et al. 1999). 
Future management of riparian grasslands should incorporate effects of vegetation 
structure and composition and arthropod abundance. Burning is necessary for controlling 
encroachment of woody vegetation, appears to have no effect on most bird species, and has 
only short-term effects on other species. The use of disking as a management tool appeared 
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to be beneficial to most bird species, including 4 that are of conservation concern ( dickcissel, 
common yellowthroat, sedge wren, grasshopper sparrow). The alteration of vegetation 
caused by this practice, however, may be detrimental to nesting of common yellowthroats and 
sedge wrens when done on a large scale. Both burning and disking appeared to increase nest 
success, but reasons for this increase are not fully understood. Overall, disking increased the 
conservation value of lowland grasslands, primarily by making these habitats suitable for 
species of high conservation priority, particularly dickcissels. 
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Table 1. Principal component loadings for vegetation data collected in riparian grasslands 
in east-central Iowa, USA, 2001-2002. 
Vesetation erincieal comeonenta 
Variable Vl V2 V3 V4 vs V6 
Cumulative variance explained(%) 17.75 33.24 47.45 61.56 74.62 85.55 
Vegetation structure 
Density -0.28 0.32 -0.23 0.71 -0.28 -0.28 
Live height -0.23 0.20 -0.26 0.87 -0.11 -0.03 
Dead height 0.18 -0.20 0.79 -0.13 -0.25 -0.05 
Litter depth -0.12 -0.31 0.02 0.22 -0.74 -0.01 
Vegetation composition 
Grass -0.73 0.52 -0.23 0.18 -0.01 -0.20 
Forb 0.92 0.15 0.15 -0.10 -0.09 0.10 
Litter 0.10 -0.79 0.23 -0.21 -0.42 0.08 
Dead 0.08 -0.18 0.87 -0.15 -0.08 0.03 
Bare -0.09 -0.07 -0.22 -0.04 0.88 0.16 
Total cover -0.15 0.88 -0.26 0.22 -0.03 -0.12 
Species richness 0.78 -0.26 0.04 -0.24 0.07 0.09 
Reed canarygrass dominance -0.48 0.28 -0.48 0.41 -0.29 -0.08 
Vegetation heterogeneity 
Density CV 0.11 -0.15 0.04 0.03 0.24 0.90 
Live height CV 0.20 -0.02 -0.09 -0.52 -0.14 0.73 
• Loadings in bold are ~ .5 or ~0.5 and interpreted as significant. 
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Table 2. Principal component loadings for arthropod abundance data collected in riparian 
grasslands in east-central Iowa, USA, 2001-2002. 
ArthroEod ErinciEal comEonent 
Variable Al A2 A3 A4 A5 A6 
Cumulative variance explained(%) 17.94 32.32 46.60 59.01 70.23 79.15 
Arthropod abundance 
Araneae -0.04 0.73 0.20 0.25 0.02 -0.32 
Small Coleoptera 0.08 0.77 0.17 -0.19 0.11 0.06 
Medium Coleoptera -0.15 0.11 0.63 0.11 0.33 0.42 
Large Coleoptera -0.10 0.01 -0.06 -0.02 0.83 0.02 
Diptera 0.18 0.72 -0.34 0.20 0.04 -0.08 
Hemiptera 0.27 0.34 0.11 -0.21 0.64 0.27 
Homoptera 0.07 -0.02 0.22 0.92 -0.15 0.12 
Hymenoptera -0.13 -0.19 0.10 0.16 0.07 0.89 
Medium Lepidoptera 0.05 0.03 0.82 0.21 -0.11 0.05 
Large Lepidoptera 0.28 -0.03 0.57 0.30 0.50 -0.20 
Small Orthoptera 0.87 -0.02 -0.05 0.19 0.02 -0.16 
Medium Orthoptera 0.94 0.12 -0.01 0.02 0.08 -0.03 
Large Orthoptera 0.64 0.18 0.53 0.01 -0.17 0.01 
Total Abundance of Arthropods 0.46 0.39 0.26 0.70 0.18 0.14 
• Loadings in bold are ~.5 or ~0.5 and interpreted as significant. 
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Table 3. Density (mean and standard error; males/ha), species richness, and conservation 
value of common bird species in upland riparian grasslands in east-central Iowa, USA, 
2001-2002. 
2001 2002 
Burned Unburned Disked 
(n = 10) (n = 10) (n=7? 
X SE X SE X SE 
Species density 
Red-winged blackbird 0.64 0.07 1.18 0.10 0.66 0.09 
Dickcissel 0.64 0.07 0.65 0.07 0.84 0.10 
Common yellowthroat 0.05 0.03 0.35 0.09 0.15 0.06 
Sedge wren 0.23 0.09 0.28 0.10 0.11 0.07 
American goldfinch 0.14 0.05 0.14 0.05 0.03 0.02 
Grasshopper sparrow 0.02 0.01 0.00 0.00 0.13 0.04 
Total bird density 2.60 0.19 3.54 0.23 2.57 0.19 
Species richness 
All species 5.70 0.33 5.80 0.39 5.43 0.69 
Grassland speciesc 5.00 0.33 5.00 0.39 4.43 0.37 
Breeding speciesd 2.40 0.22 2.80 0.20 2.71 0.42 
Conservation valuee 34.8 5.2 49.6 6.4 40.0 2.8 
• 6 of7 fields that received a disking treatment were burned in 2001. 
b 4 of 13 fields that did not receive a disking treatment were burned in 2002. 
c Obligate and facultative grassland bird species as defined in Vickery et al. ( 1999). 
d Species present on ~2 survey rounds. 
s 
~ Conservation value = L density; x prioritization score;. 
i~I 
' 
Undisked 
(n = 13)b 
-
X SE 
0.71 0.07 
0.68 0.06 
0.13 0.04 
0.43 0.13 
0.05 0.02 
0.02 0.01 
2.32 0.14 
4.69 0.49 
4.08 0.37 
2.23 0.17 
41.1 5.9 
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Table 4. Density (mean and standard error; males/ha), species richness, and conservation 
value of common bird species in lowland riparian grasslands in east-central Iowa, USA, 
2001-2002. 
2001 2002 
Pre-disked Undisked Disked Undisked 
(n = 15) (n = 15) (n = 15) (n = 15) 
X SE X SE X SE X SE 
Density 
Red-winged blackbird 0.84 0.07 1.02 0.08 0.88 0.07 0.88 0.08 
Dickcissel 0.31 0.04 0.21 0.04 0.61 0.06 0.27 0.04 
Common yellowthroat 0.19 0.05 0.20 0.06 0.23 0.06 0.11 0.04 
Sedge wren 0.02 0.02 0.17 0.07 0.03 0.03 0.11 0.05 
American goldfinch 0.11 0.04 0.04 0.02 0.25 0.06 0.15 0.05 
Grasshopper sparrow 0.00 0.00 0.01 0.01  0.04 0.02 0.03 0.01 
Total bird density 2.42 0.14 2.62 0.16 2.96 0.16 2.41 0.15 
Species richness 
All species 4.60 0.29 6.42 0.67 5.60 0.35 6.08 0.66 
Grassland speciesa 3.73 0.21 4.50 0.53 4.27 0.30 4.17 0.44 
Breeding speciesb 2.47 0.17 2.25 0.22 2.73 0.18 2.00 0.25 
Conservation valuec 26.4 3.0 27.6 2.9 38.8 4.1 25.0 3.9 
• Obligate and facultative grassland bird species as defined in Vickery et al. ( 1999). 
b Species present on ~2 survey rounds. 
s 
c Conservation value = L density; x prioritization score;. 
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Table 8. Nest abundance (mean and standard error; nests/field) in upland riparian 
grasslands in east-central Iowa, USA, 2001-2002. 
2001 2002 
Burned Unburned Disked 
(n = 10) (n = 10) (n=7l 
Species Total -X SE X SE X SE 
Red-winged blackbird 93 2.3 0.7 3.4 1.1 1.4 0.6 
Dickcissel 39 1.0 0.3 1.5 0.7 0.6 0.3 
All nestsc 147 3.7 0.8 4.9 1.4 2.6 1.0 
• 6 of 7 fields that received a disking treatment were burned in 2001. 
b 4 of 13 fields that did not receive a disking treatment were burned in 2001. 
c Also includes nests of American goldfinch (1), blue-winged teal (1), 
common yellowthroat (3), grasshopper sparrow (1), northern harrier (4), 
ring-necked pheasant (3), song sparrow (1), wild turkey (1). 
Undisked 
(n=Bl 
X SE 
2.0 0.8 
0.8 0.3 
3.3 1.0 
87 
Table 9. Nest abundance (mean and standard error; nests/field) in lowland riparian 
grasslands in east-central Iowa, USA, 2001-2002. 
2001 2002 
Pre-disked Undisked Disked Undisked 
(n = 15) (n = 15) (n = 15) (n = 15) 
Species Total X SE X SE X SE X SE 
Red-winged blackbird 109 1.7 0.5 1.1 0.5 2.1 0.7 2.7 0.7 
Dickcissel 13 0.1 0.1 0.3 0.2 0.4 0.2 0.1 0.1 
All nestsa 127 1.9 0.6 1.4 0.6 2.7 0.8 2.8 0.7 
• Also includes nests of common yellowthroat (2), killdeer ( 1 ), ring-necked pheasant ( 1 ), 
and wild turkey ( 1) 
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Table 13. Models for nest success in east-central Iowa upland and lowland riparian 
grasslands, 2001-2002. Models were evaluated using Akaike's Information 
Criterion corrected for small samEle sizes (AICc)-
w/1 Species and model Ka ~AIC/ AIC/ -2 logL 
Red-winged blackbird uplands 
Constant 1 0 245.28 243.25 0.44 
Year 2 1.88 247.16 243.07 0.17 
Burne 3 2.12 248.97 242.79 0.07 
Timer 3 2.88 248.16 241.98 0.10 
Diskg 3 3.69 247.40 241.22 0.15 
BurnrDiskg 4 3.96 249.24 240.94 0.06 
Red-winged blackbird lowlands 
Constant 1 0 268.36 266.33 0.33 
Disk 3 0.02 268.38 266.31 0.33 
Disk x Year 4 1.62 269.97 261.71 0.15 
Year 2 2.03 270.38 262.22 0.12 
Time 3 3.27 271.63 265.47 0.07 
Dickcissel uplands and lowlands 
Burn Disk 4 0 144.63 136.16 0.25 
Disk 3 0.34 144.97 138.70 0.21 
Habtypeh 2 0.84 145.47 141.33 0.17 
Constant 1 1.49 146.12 144.07 0.12 
Bum 3 2.44 147.07 140.79 0.07 
Burn Disk Habtype 6 2.82 147.45 134.45 0.06 
Year 2 2.83 147.46 143.32 0.06 
Habtype x Year 4 3.94 148.58 140.11 0.04 
Time 3 5.60 150.23 143.95 0.02 
"Number of parameters 
b AAICc = AICci - minAICc. 
c AI Cc= -2 log L + 2K + 2K(K + 1) / (n - K - 1) 
d wi = exp[-{MICcJ 2}] / l: exp[-{MICcJ 2}] 
• Effect ofburning in 2001. 
r Early, middle, or late breeding season. 
g Effect of disking in 2002. 
h Upland or lowland. 
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Table 14. Correlations between vegetation and arthropod variables 
in upland and lowland riparian grasslands in east-central Iowa, USA, 
2001-2002. 
Vegetation Arthropod variable 
variable Al A2 A3 A4 AS 
Vl -0.0la 0.20°6 0.00 -0.20° 0.36°. 
V2 0.21** 0.05 0.32** -0.03 -0.13 
V3 -0.05 -0.15 -0.16 -0.08 -0.01 
V4 0.13 0.15 -0_34*** -0.14 -0.07 
vs 0.02 0_33*** 0.02 0.01 -0.ls* 
V6 0.11 0.32** -0.11 -0.03 O.ls* 
• Values are Pearson's product-moment correlation coefficients. 
b • p < 0.10 •• p < 0.05 ••• p < 0.001 
A6 
0.08 
0.05 
0.01 
-0.23** 
-0.22** 
-0.05 
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CHAPTER 4. CHANGES IN LAND COVER AND BREEDING BIRD 
POPULATIONS WITH RESTORATION OF FLOODPLAIN HABITATS IN 
EAST-CENTRAL IOWA 
A paper to be submitted to the American Midland Naturalist 
Thomas J. Benson 
Abstract: Conversion of midwestem riparian areas for agricultural production has greatly 
altered their function and suitability for migratory birds. The restoration of riparian functions 
is a major focus ofland management agencies in the Midwest, and >120,000 ha of riparian 
habitat have been restored in this region through USDA conservation programs alone. I used 
historic land-use data and bird density data collected from the >20,000 ha Iowa River 
Corridor Project in east-central Iowa to determine the extent of alteration, impact of 
restoration on the landscape, and benefits of these restorations on bird populations. Prior to 
settlement, the corridor was dominated by grasslands (72%), with wooded areas accounting 
for less than one-third of the area. Between the mid- l 800s and 1992, the amount of grassland 
decreased by >75%, and the cover of wooded areas increased. Establishment of USDA 
conservation easements beginning after the flood of 1993 increased the amount of grassland 
in the corridor by >80%. Most grassland and wetland bird species (13 of 17) increased with 
restoration, although species associated with open habitats, such as those that often breed in 
rowcrop fields, decreased. I estimated that these restored grasslands provide habitat for 
>8000 additional grassland or wetland birds, > 3000 of which are of species considered 
moderate or high conservation priorities. An understanding of presettlement land cover, the 
extent of land-cover alteration, and the effects of restoration on the landscape and breeding 
bird populations provides a useful guide for both evaluating past restoration and guiding 
future efforts. 
INTRODUCTION 
Land cover in the Midwest has undergone substantial modification since European 
settlement. This is especially true in intensive agricultural states such as Iowa where 
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conversion of native landscapes for agricultural production has resulted in a >99% of prairie 
and >95% of wetland habitats (Bishop 1981, Smith 1998). 
Riparian areas, which are transitional between terrestrial and aquatic habitats, 
likewise have been severely altered. Indeed, loss of riparian habitat has been more extensive 
in the Midwest than any other region of the United States (Brinson et al. 1981, National 
Research Council 2002). Conversion of riparian areas to agricultural uses has resulted in the 
loss of many natural functions, including storage of flood-water, nutrient and sediment 
filtration, and fish and wildlife habitat. 
Associated with the loss and degradation of native habitats has been a general decline 
in native wildlife populations. In particular, birds associated with grassland habitats have 
shown more widespread population declines than any other group of birds since the initiation 
of the Breeding Bird Survey in 1966 (Peterjohn and Sauer 1999). Although many factors 
have contributed to declines in grassland birds, loss of grassland habitats throughout the 
United States has likely been a major factor (Herkert et al. 1996). 
Implementation of Farm Bill programs such as the Conservation Reserve Program 
(CRP) in 1985 and Wetlands Reserve Program (WRP) in 1990 has led to reestablishment of 
millions of hectares of grassland and wetland habitat in the Upper Midwest. Emergency 
flood-mitigation programs, such as the Emergency Wetlands Reserve Program (EWRP) have 
created additional opportunities for restoration of riparian habitats. Through implementation 
of these programs, > 100,000 ha of riparian habitat are presently under long-term easement in 
the Midwest. 
Traditional approaches to evaluate the contributions of habitat restoration to bird 
populations have compared bird populations in newly restored habitats with those in the 
previous landcover type (typically agricultural fields; Johnson and Schwarz 1993, Best et al. 
1997). Alternatively, other studies have assessed restoration success by comparing bird 
communities between restored and natural habitats (Delphey and Dinsmore 1993, Dault 
2001, Fletcher and Koford 2002). More recently, approaches using geographic information 
systems (GIS) have been used to quantify the effects ofrestored habitats on bird populations 
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or predict the potential impact of future restoration (Fletcher and Koford 2003, Murray et al. 
2003). 
To better understand wildlife use of riparian conservation easements in the Midwest, 
and to guide and predict the effects of future restorations, a quantitative assessment of bird 
responses to restoration is needed. The objectives of this research were to describe land-
cover changes from presettlement (mid-1800s) to prerestoration (1992), to estimate the 
change in land cover with restoration (1992-2000), and to model the estimated changes in 
grassland bird populations associated with restoration in the Iowa River Corridor. 
METHODS 
Study area 
I conducted my research in open habitats, primarily grasslands, in the Iowa River 
Corridor, located in Tama, Benton, and Iowa counties of east-central Iowa. My study sites 
were located within the >20,000 ha Iowa River Corridor Project (IRCP), a cooperative 
project between the Natural Resources Conservation Service (NRCS), United States Fish and 
Wildlife Service (USFWS) and Iowa Department of Natural Resources (IDNR). Currently, 
there are >100 riparian WRP and EWRP easements totaling about 5,000 ha of former 
agricultural land enrolled in NRCS conservation programs. The drainage basin averages 32 
km in width and the watershed drains about 1.25 million ha, about 1 million of which were 
cropland prior to restoration (United States Department of Agriculture 1976). 
The plant species composition in IRCP easements varies depending on elevation, 
previous land use, and extent of restoration efforts. High elevation grassland areas (hereafter 
called uplands) within the IRCP were planted to native grass species, generally switchgrass 
(Panicum virgatum) or big bluestem (Andropogon gerardii). Currently, seed mixes for the 
hydric soils of low elevation grasslands (hereafter called lowlands) are not readily available; 
consequently, these areas are classified as natural revegetation and are generally dominated 
by reed canarygrass (Phalaris arundinacea ), an invasive perennial species common in hydric 
soils (Hoffman and Kearns 1997, Merigliano and Lesica 1998). I collected data on 20 upland 
and 30 lowland grasslands in 2001 and 2002. I define individual fields as either separate 
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easements or separate management units within an easement; all fields were >8 ha and were 
dominated by herbaceous vegetation, generally grasses. 
Bird density data 
I conducted bird surveys 4 times between 17 May and 25 July 2001, and again 
between 23 May and 30 July 2002. Four non-overlapping, 50-m radius point-counts were 
randomly placed in each field. Counts were 5 minutes in length and were completed between 
sunrise and 1000 hr. Observers were trained before initiation of field work and were rotated 
among sites to minimize bias. Surveys were not done during mornings with high winds (>24 
km/h) or rain. All birds identified visually, or by song within the survey area were recorded, 
as were the method of identification (visual, song, call) and sex of each individual. Birds 
identified visually were placed into 1 of 5 distance classes, 0-10 m, 11-20 m, 21-30 m, 31-40 
m, or 41-50 m, and birds flying over the count circle were exluded. When possible, the same 
point-count locations were used in both years (197 of 200). 
Because I do not have data on bird abundance in other grassland types in the IRCP, 
( e.g., herbaceous strip-cover, pasture, hayland), and GIS data generally do not distinguish 
between these types, densities were assumed to be similar to those observed in easements. 
Density of grassland birds in other habitat types ( e.g., wooded, open water) were assumed to 
be zero. Bird densities for rowcrop fields were taken from another study conducted in nearby 
areas oflowa (Patterson and Best 1996). 
GIS data 
I used GIS to estimate change in land cover from presettlement (mid-1800s) to 
prerestoration (1992), and from prerestoration to postrestoration (2000). Presettlement data 
were collected between 1832 and 1859 by United States General Land Office (GLO) 
Surveyors and have been digitized and made available as GIS data (Anderson 1994). The 
1992 National Land Cover Data (United States Geologic Survey) were used to estimate the 
extent of alteration from the time of settlement, and represent the prerestoration condition of 
the IR.CP. Land-use data from 2000 were available from IDNR (Kathryne Clark, IDNR, 
personal communication) and were used to estimate the changes in land cover from 
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prerestoration to postrestoration. Additional GIS coverages from the NRCS and IDNR were 
used to delineate the boundaries of the IRCP, easements within the corridor, and hydric soils. 
Land-cover classifications differed between databases, so land-use categories for all 
datasets were combined in ecologically similar categories where necessary (Table 1 ). 
Specifically, all land-cover classifications that were dominated by woody vegetation ( e.g., 
forest, woodland, savanna, shrubland) were combined as wooded land cover. Different 
grassland (e.g., cool- and warm-season grasses) and cropland categories (e.g., com and 
soybeans) were combined into grassland and rowcrop classes, respectively. To adjust for 
misclassification in 1992 data, I included land classified as temporary or seasonal wetlands 
with rowcrops in areas that were known to be cropped. Based on known land-use, some 
grasslands were partially misclassified as rowcrop or wooded in 2000 data, and these areas 
were reclassified as grassland. 
Statistical analyses 
Density of birds (birds/ha) was calculated for species with ~40 observations using 
program DISTANCE (Buckland et al. 1993). For grassland species with ~40 observations, I 
compared models of detectability as a function of distance that incorporated a uniform 
distribution with cosine or simply polynomial adjustments, a half-normal model with cosine 
or hermite polynomial adjustments, and a hazard-rate model with cosine adjustments 
(Buckland et al. 1993). Models were ranked according to Akaike's Information Criterion 
(AIC; Burnham and Anderson 1998). Because detection functions were similar across 
treatments, habitat types (i.e., upland or lowland) and years, density was estimated with a 
global detection function (Buckland et al. 1993). For species with ~40 observations, 
abundance values (birds/ha) were not corrected for detectability. Density values for 
individual fields (averaged over survey rounds) were used to obtain estimates and 95% 
confidence intervals for each habitat type (upland or lowland grassland). To estimate the 
change in bird abundance with restoration, estimates of mean density and lower and upper 
confidence limits for the means were multiplied by the change in area of a given landcover 
type for each species. I present results for 17 species of grassland and wetland birds that are 
of conservation concern (8) or abundant (9) in the study area. Species of conservation 
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concern were selected based on Partners in Flight (PIF) scores for the Dissected Till Plains 
(physiographic area 32) which includes the IRCP (Carter et al. 2000, Fitzgerald and Pashley 
2000, Nuttle et al. 2003; for PIF scores see Acknowledgements). 
RESULTS 
Bird density 
In 2001 and 2002, I observed 25 bird species in uplands and 33 in lowlands, with 39 
species overall. I estimated change due to restoration for 1 7 species that are obligate or 
facultative grassland birds, or are known to breed in herbaceous wetlands (Vickery et al. 
1999, Dault 2001). Density estimates for rowcrop fields were used for 15 species (Patterson 
and Best 1996); the remaining 2 were assumed to be absent in rowcrops because of their 
known habitat associations (Best et al. 1995). Based on Partners in Flight priority scores for 
the Dissected Till Plains, 4 species were recognized as high conservation priority, 5 as 
moderate, 6 as low priority, and 2 as not at risk (Table 2; Carter et al. 2000, Fitzgerald and 
Pashley 2000, Nuttle et al. 2003). 
Uniform functions were used for modeling detectability of all bird species (Buckland 
et al. 1993). No adjustments to the detection function were made for red-winged blackbirds, 
dickcissels, or grasshopper sparrows. One cosine adjustment was selected for common 
yellowthroat and American goldfinch detection functions (see Buckland et al. 1993). For 
sedge wrens, the best model incorporated 2 cosine adjustments, and the model for 
detectability of all bird species combined included 1 polynomial adjustment. 
Land cover change 
Prior to settlement, the Iowa River Corridor was dominated by grasslands, with other 
land-cover types, including wooded areas, comprising less than one-third of the area (Table 
1 ). The earliest European settlers arrived in the area around 1840, so there was some 
evidence of rowcrop agriculture in the presettlement data (Table 1 ). From the mid- l 800s to 
1992, there was a large decrease in cover of grasslands, a slight increase in wooded areas, and 
a large increase in rowcrop agriculture. Restoration substantially increased the cover of 
grasslands, particularly in lowlands, although rowcrop agriculture is still the dominant land 
use. 
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Bird responses to land cover changes 
Using mean estimates of change, populations of 13 species increased with restoration 
and 4 decreased (Table 2). Included in the increasing species were 8 species that are 
recognized as either moderate or high conservation priority. When examining confidence 
limits, however, it appears that 10 species increased and 3 decreased with restoration (i.e., the 
confidence limits did not include zero), and 4 showed no change. Of the 10 increasing 
species, 5 were of moderate or high conservation concern. 
DISCUSSION 
Land cover change 
Before settlement, the floodplain of the Iowa River was dominated by grasslands. 
This is counter to the belief that presettlement riparian areas in the Midwest were primarily 
forested (e.g., Brinson et al. 1981, Malanson 1993). Accounts of early settlers often note that 
these areas were grass-dominated, and previous research using GLO data has found similar 
results (Owen 1852, Nelson et al. 1998). Areas classified as prairie by GLO surveyors, 
however, were likely a mix ofmesic and hydric grasslands and temporary and seasonal 
wetlands. These habitats were likely vegetated by a diversity of grassland and wetland plants, 
including prairie cordgrass (Spartina pectinata), rice cutgrass (Leersia oryzoides), Virginia 
wild-rye (Elymus virginicus), sedges (Carex spp.), flat-sedges (Cyperus spp.), smartweeds 
(Polygonum spp.), and other hydric species (Weaver 1968, Fredrickson 1996, Nelson et al. 
1998). 
As in this study, widespread decreases in native grasslands for agricultural purposes 
have been well documented in the Midwest and throughout the United States (Samson and 
Knopf 1994, Smith 1998). The observed increase in wetlands and water, however, is initially 
counterintuitive. As with grasslands, conversion of wetlands for agriculture has been 
extensive (Bishop 1981, Dahl 1990). More area was recognized as wetland or water in 1992 
than in the mid- l 800s, however, for 3 reasons. First, the digitizing of GLO records did not 
include waterways; the added coverage of water, particularly the Iowa River, accounts for 
most of the water in 1992. Secondly, presettlement wetlands in the floodplain were likely 
temporary or seasonal and were recorded as prairie by GLO surveyors who likely did their 
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work after seasonal flooding had subsided. Lastly, most of the wetland area in 1992 is 
accounted for by a wetland complex constructed by the IDNR between 1965 and 1966. 
Although wooded areas were a substantial component of the corridor prior to 
settlement, trees were primarily confined to areas adjacent to the river. In fact, the area that is 
wooded has increased since settlement (Table 1 ). Although about 2500 ha of formerly 
wooded areas were converted to other uses, about 3600 ha of formerly grass-dominated 
habitat became dominated by woody vegetation between settlement and 1992 (T.J. Benson, 
unpublished data). This is consistent with other studies of rivers in the Midwest that have 
found human modifications to provide areas suitable for the establishment and survival of 
woody plants (Knopf and Scott 1990, Johnson 1994). Alteration of disturbance regimes, 
such as suppression of fire and changing hydrology, likely allowed this expansion of trees 
despite logging for both commercial and private use. 
Restoration efforts substantially increased the amount of grassland in the corridor. 
Because these lands were primarily restored through WRP and EWRP, most of these restored 
grasslands are on lowlands (hydric soils). Altogether, > 100 easements totaling about 5000 ha 
have been restored through these programs. The increase in grassland based on GIS data, 
however, was <5000 ha. This discrepancy may result from several reasons. Although 
easements were cropped prior to enrollment in WRP and EWRP and were subsequently 
restored to grassland, many of these areas, particularly lowlands near preexisting forest, have 
become dominated with woody vegetation. Additionally, errors in the 2000 GIS data resulted 
in grassland being classified as wooded or rowcrop; although these errors were corrected 
where possible, corrections were not applied to the entire corridor. As another possibility, 
non-easement grasslands in the corridor may have been converted to rowcrop agriculture 
between 1992 and 2000. Declines in pasture and hayland throughout the Midwest have been 
well documented, and these changes may have affected the success of large-scale restoration 
efforts such as the IRCP (Herkert et al. 1996). 
Bird responses to land cover changes 
Large-scale changes in landcover undoubtedly affect the distribution of birds. In this 
case, conversion ofrowcrops to grasslands appeared to negatively affect killdeer, vesper 
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sparrow, and brown-headed cowbird. These 3 species are known to use open habitats, and 
killdeer and vesper sparrow often nest in rowcrop fields (Best et al. 1995, Best et al. 1997). 
Greater availability of grasslands provided habitat for many species, including> 1000 
additional sedge wrens and common yellowthroats, which are of moderate conservation 
priority, and close to 2000 additional grasshopper sparrows and dickcissels, which are 
considered high conservation priorities. Although red-winged blackbirds are species of low 
conservation concern, this species benefited most from restoration, with habitat provided for 
>4000 additional birds (Table 2). Altogether, restoration of grasslands in the Iowa River 
Corridor provided habitat for an estimated additional 8000 grassland and wetland birds, 
> 3000 of which are individuals of species that are considered conservation priorities (Table 
2). 
Knowledge of presettlement, prerestoration, and current habitat conditions of the 
Iowa River floodplain along with estimates of the contributions of restoration to birds of 
conservation concern will allow for effective planning of future efforts. Assuming that 
prerestoration conditions are the ultimate goal of restoration, future efforts should focus on 
maintaining and increasing the amount of grassland while controlling or decreasing woody 
vegetation. 
Although this approach provides a useful estimate of bird use resulting from 
restoration, estimates of reproduction and survival of these birds is ultimately needed. 
Understanding the effects of restoration on productivity of all of these grassland and wetland 
species would provide a clearer picture of the large-scale conservation benefits of this area to 
birds. Additionally, information on how to increase bird use, reproduction, and survival 
through management is critical to maximizing the benefits of these conservation easements. 
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Table 1. Land cover (ha) before settlement (1832-1859), and before (1992) and after (2000) 
restoration in the Iowa River Corridor, east-central Iowa. 
Presettlementa Prerestoration 6 Postrestoration c Pre- Pre 
Land cover Area % Area % Area % % changed 
Grassland 17735.3 71.7 3730.7 15.1 7015.8 28.3 -79.0 
Uplanaf 8241.7 33.3 2281.8 9.2 3083.2 12.5 -72.3 
Lowlanl 9493.6 38.4 1448.9 5.8 3932.6 15.9 - 84.7 
Wooded 6408.3 25.9 8234.0 33.3 7880.0 31.8 28.5 
Upland 2248.8 9.1 2147.3 8.7 2078.7 8.4 -4.5 
Lowland 4159.5 16.8 6086.8 24.6 5801.4 23.4 46.3 
Wetland 300.4 1.2 1307.5 5.3 NA NA 335.3 
Water 0 0 928.9 3.8 891.4 3.6 NA 
Rowcrop 
agriculture 305.5 1.2 9938.5 40.2 8667.5 35.0 3153.2 
Upland 225.5 0.1 5449.4 22.0 5228.2 21.1 2316.6 
Lowland 80.1 <0.1 4489.1 18.1 3439.3 13.9 5504.4 
Other8 0 0 609.8 2.5 294.8 1.2 NA 
Total 24749.5 24749.5 24749.5 
a Between 1832 and 1859, from Anderson (1994). 
b 1992, from National Land Cover Data (United States Geological Survey). 
c 2000, from Iowa Department of Natural Resources (Kathryne Clark, personal communication). 
d Presettlement to prerestoration. 
0 Prerestoration to postrestoration. 
r Based on hydric soil classification. 
8 Includes area not accounted for by other classes, including artificial, barren, and clouds. 
Pre- Post 
% changee 
88.1 
35.1 
171.4 
-4.3 
-3.2 
-4.7 
NA 
-4.0 
-12.8 
-4.1 
-23.4 
..... 
- 51.7 0 0\ 
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Table 2. Estimated bird abundance (number of individuals) before (1992) and after (2000) 
restoration, and estimated change in abundance (number of birds, lower and upper 
confidence limits) of grassland and wetland bird species resulting from grassland restoration 
in the Iowa River Corridor, east-central Iowa, USA. 
1992 2000 Estimated change 
Species X X X LCL UCL 
Killdeer 252 227 -26 -3 -46 
Ring-necked pheasant 392 549 158 63 252 
Mourning dove 111 165 54 1 124 
Eastern kingbird 118 130 12 11 13 
Sedge wrenc 995 1582 587 358 994 
Marsh wren 6 16 10 0 25 
Common yellowthroaf 894 1565 671 473 910 
Vesper sparrow 1199 1050 -149 -113 -178 
Savannah sparrow 131 182 51 6 101 
Grasshopper sparrowc 497 763 264 114 702 
Henslow's sparrow 5 6 1 0 5 
Dickcisselc 2352 3934 1582 1399 1773 
Bobolink 52 110 58 0 118 
Red-winged blackbirdc 7018 11374 4356 4115 4630 
meadowlark species 64 58 -6 2 -13 
Brown-headed cowbird 1136 1056 -79 -92 -29 
American goldfinchc 574 1043 469 328 684 
Total change 15795 23810 8015 6466 10284 
• Based on ranking system using Partners in Flight priority scores 
(Carter et al. 2000, Fitzgerald and Pashley 2000, Nuttle et al. 2003). 
b For scientific names see Appendix. 
c Density corrected for detectability using Program DISTANCE 
(Buckland et al. 1993). 
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CHAPTER 5. GENERAL CONCLUSIONS 
Restoration of riparian grasslands provided habitat for many bird species, including 9 
grassland or wetland species of conservation concern. Further, burning and disking altered 
the structure and composition of vegetation and affected the abundance and biomass of 
arthropods. These observed changes in habitat appeared to affect density of several bird 
species, including dickcissels and grasshopper sparrows, which are species of high concern, 
and common yellowthroats and sedge wrens, both of which are considered of moderate 
concern (Fitzgerald and Pashley 2000, Nuttle et al. 2003). Although burning may have 
negatively influenced density of some bird species by removing residual vegetation and 
decreasing available food resources, disking generally had a positive effect on density, 
species richness, and conservation value. Disking decreased grass cover and increased forb 
cover; it also increased abundance and biomass of several arthropod taxa that are considered 
important food sources for grassland birds. Dickcissels, in particular, appeared to respond 
positively to the changes brought about by disking in lowlands. Other species that increased 
were generally associated with disking only when only small areas were treated, or when the 
perimeter-to-area ratio was maximized. Particularly, common yellowthroats, sedge wrens, 
and American goldfinches are generally associated with dense vegetation and likely used 
disked areas primarily for feeding. Large-scale disking, then, would likely benefit some 
species, such as dickcissels and grasshopper sparrows, but be a detriment to other species of 
conservation concern, such as common yellowthroats and sedge wrens. 
Vegetation structure and composition explained variation in density and species 
richness of birds, and conservation value. Adding arthropod abundance to vegetation 
structure and composition variables improved models for density of most species, species 
richness, and conservation value of areas. Vegetation manipulation has generally been the 
focus of management efforts for bird conservation, but this research suggests that arthropod 
food resources are also an important consideration. Like birds, arthropods respond to 
structure and composition of vegetation. An understanding of how changes in vegetation 
affect arthropod food resources, and how management practices directly and indirectly affect 
arthropods is needed to improve habitat management for the conservation of birds. 
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Nest success in these riparian habitats was generally low. Comparison of estimates 
for red-winged blackbirds and dickcissels in this study with values calculated as necessary for 
sustained populations in Missouri CRP grasslands indicates that reproductive success in the 
Iowa River corridor was generally too low to maintain populations. Burning and disking, 
however, appeared to have positive effects on reproductive success, possibly by affecting the 
habitat use or foraging efficiency of predators. An understanding of what the primary nest 
predators are, as well as factors influencing predation of nests in this area is needed to guide 
future management efforts. 
Using historical data, it was determined that the Iowa River Corridor was primarily 
grassland prior to settlement. This is useful information for guiding future restoration and 
management of this area. Currently, encroachment of woody vegetation is a threat to the 
maintenance of grasslands in the corridor, and, given that the area of wooded vegetation has 
actually increased since settlement, efforts should focus on decreasing or preventing further 
increase in woody habitats. Restoration through WRP and EWRP easements increased the 
amount of grassland in the corridor substantially, and accordingly increased populations of 
many bird species, including 6 species that are considered moderate or high conservation 
priorities in the area. 
Restoration of habitats in the Iowa River Corridor through WRP and EWRP provided 
habitat for thousands of grassland and wetland birds, many belonging to species that are 
considered conservation priorities. The quality of these habitats for grassland and wetland 
birds, however, can be improved through management. Accounting for the influences of 
vegetation and arthropods on birds, and using burning and disking as management practices 
in these habitats, however, can likely increase the conservation benefits of these programs in 
the Iowa River Corridor and other riparian systems throughout the Midwest. 
Recommendations for future research 
Future research should investigate the effects of disking on vegetation, arthropods, 
and birds in the second and third growing seasons after treatments are completed. 
Additionally, a better understanding of what species are using the disked area itself, as well 
as how they are using it ( e.g., foraging, nesting) is needed. The short-term effects of burning 
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were investigated, but long-term effects on birds and their habitat warrant further study. 
Although associations of birds with vegetation are well documented, relationships with 
arthropod abundance need further attention. Specifically, the connection between arthropod 
responses to management of vegetation and bird reproductive success needs investigation. 
Additionally, studies of bird diets combined with investigation of the relationship between 
bird density and arthropod abundance would clarify the meaning of positive and negative 
associations between these variables. Because nest success was generally low due to 
predation, investigation of the dominant nest predators and their habitat use patterns and 
behavior would shed light on why burning and disking increased nest success, and how to 
increase success of nests in other areas. The effects of woody vegetation on bird use and 
reproductive success in this area are unknown. Furthermore, the density and conservation 
value of species inhabiting early-successional wooded areas are not known. Because woody 
vegetation has increased since settlement and is generally undesirable in restored grassland 
easements, an understanding of how removal of these plants affects bird communities is 
needed. Habitat use and nest success of grassland birds, in particular, is thought to be 
reduced by the presence of woody vegetation (Johnson and Temple 1990, Bergin et al. 2000). 
Since woody vegetation is often a substantial component of river floodplains, investigation of 
these effects is needed to guide future restoration and management efforts. 
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APPENDIX B. LOCATION OF STUDY SITES USED IN 2001 AND 2002. 
ID Name (DNR Records} Vegtype Treatment GPS Coordinatel 
AAA Ace Auto-A Upland Burn, Disk 15T 0572946 4631301 
AAB AceAuto-B Lowland Disk 15T 0572965 4630995 
BE Beck Lowland None 15T 0561824 4635426 
CLA Cornland-A Upland None 15T 0557989 4638047 
CLB Cornland-B Upland Burn, Disk 15T 0557671 4637666 
CLC Comland-C Lowland Disk 15T 0557581 4637423 
CLD Comland-D Lowland Disk 15T 0558032 4636350 
CLE Comland-E Lowland None 15T 0558434 4636501 
CLF Comland-F Lowland None 15T 0558777 4636386 
DRA Drahos-A Upland None 15T 0569445 4630197 
DRB Drahos-B Upland Burn, Disk 15T 0569404 4629825 
DTAA Deseret A-A Lowland Disk 15T 0560199 4635216 
DTAB DeseretA-B Lowland Disk 15T 0560979 4634732 
DTAC DeseretA-C Lowland None 15T 0560501 4635249 
DTBA Deseret B-A Lowland None 15T 0575998 4630728 
DTDA DeseretD-A Upland Burn 15T 0465334 4634278 
DTDB DeseretD-B Upland Burn, Disk 15T 0564178 4633960 
DU Duffus Lowland Disk 15T 0547007 4641129 
DW D. Wagner Upland None 15T 0568989 4628734 
GRA Grant-A Upland None 15T 0571477 4629923 
GRB Grant-B Lowland None 15T 0571296 4630196 
GRC Grant-C Lowland Disk 15T 0571915 4629922 
HA Hawkins Lowland Disk 15T 0565996 4631026 
HB H. Beyer Upland None 15T 0566879 4631067 
HEA Heath-A Lowland Diskb 15T 0575077 4630761 
HEB Heath-B Lowland None 15T 0575121 4629632 
JFA J. Foley-A Upland None 15T 0563759 4634226 
JFB J. Foley-B Upland Burn 15T 0564374 4633201 
JFC J. Foley-C Lowland None 15T 0563673 4633496 
JFD J. Foley-D Lowland Disk 15T 0564487 4632998 
JM J. Martin Lowland Disk 15T 0559294 4633966 
JWA J. Wagner-A Upland None 15T 0459592 4640585 
JWB J. Wagner-B Lowland None 15T 0549509 4640345 
KU Kucera Upland None 15T 0561289 4635023 
MC McCaw Lowland Diskb 15T 0574221 4630508 
MFA M. Foley-A Upland Burn 15T 0565048 4634232 
MFB M. Foley-B Upland Disk 15T 0565291 4633952 
MUA Musel-A Lowland Disk 15T 0553227 4638266 
MUB Musel-B Lowland None 15T 0553060 4639221 
NZ N. Zastrow Upland None 15T 0578999 4630086 
PO Pohlman (Schott - C) Lowland Disk 15T 0567393 4632760 
RA R. Arens Lowland Disk 15T 0566037 4632723 
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APPENDIX B. Continued. 
ID Name Vegtype Treatment 
STA Schott - A Upland Bum, Disk 
STB Schott - B Lowland Disk 
SY A Sayers - A Upland Bum 
SYB Sayers - B Lowland Diskb 
SZ Scheetz Upland Bum, Disk 
VOA Voightrnan - A Lowland None 
YOB Voightman - B Lowland None 
WY Wyant Lowland Disk 
a North American Datum of 1927 (NAD27 CONUS). 
b Disking unsuccessful because of accidental burning. 
GPS Coordinatesa 
15T 0566646 4632849 
15T 0567023 4632507 
15T 0547625 4630551 
15T 0574603 4630318 
15T 0550729 4639877 
15T 0573593 4630782 
15T 0573440 4630325 
15T 0568751 4630918 
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